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FOREWORD'

The thermal analysis of Skylab fuel cell and
radiator system capability, in support of Contract
SA500, NAS9-150, was conducted between October 1969
and June 1970. Results of this work are contained in
this report, which was prepared by J.L. Schaefer

~and G. A. Vanderpol of CSM Operations Analysis,
Mission Requirements and Evaluation group. The
original models of the electrical power system (EPS)
radiator and Block I fuel cell, and the CINDA com-
puter program were furnished by H. Cazemier and
W. Simon of NASA-MSC. Early checkout runs were -
limited to leased Univac 1108 service and IBM 7094
emulation, which were slow and expensive. With the
assistance of P. Jepsen of Aero and Thermal Projects,
Scientific Programming, the IBM 360/SINDA program
was obtained and converted to Space Division's IBM
360 formats., E.R. Arnold provided considerable
assistance in developing the Block II fuel cell model
for the SINDA program.
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1. INTRODUCTION

1.1 PURPOSE OF ANALYSIS

The range of output power capability for the Apollo fuel cell system is
established by the requirement to operate within the command module (CM)
bus voltage range of 26.5 to 31 volts and by the thermal constraints imposed
by the fuel cell stack, condenser, and radiator temperature limits. This
report considers only the thermal constraints in establishing the fuel cell
power capability for Skylab missions, Under high transient-power levels,
CM voltage requirements may be more limiting.

Early in 1969, NASA-MSC personnel furnished for the Skylab study the
computer program, the Chrysler Improved Numerical Differencing Analyzer
for Third Generation computers (CINDA-3G) (Reference 1), and heat transfer
models of the Block II electrical power system (EPS} and the Allis-Chalmers
fuel cell system. Subsequently at NR several major changes were made to
these models and the CINDA program. The preliminary Allis-Chalmers
model became obsolete after the decision was made to use the Pratt and
Whitney (PW) Block II fuel cell for the Skylab mission, Therefore, a com-
pletely new PW fuel cell model had to be developed for CINDA. Several
modifications were made to the EPS radiator model to provide closer corre-
lation with qualification test data {(Reference 2} and to include heat transfer
between the radiator panels and the service module (SM) structure. Finally,
the original CINDA-3G program, which was developed for use on the
Univac 1108, was replaced with an advanced program version, Systems
Improved Numerical Differencing Analyzer for Third Generator Computers
(SINDA-3G), which had been converted (Reference 3) for operation on the
IBM 360/75 computer.

1.2 VERIFICATION ANALYSIS REQUIREMENTS

Verification analysis requirements consist of a computer simulation.
The simulation determines the effect of the thermal constraints on power
capability with one fuel cell and with two fuel cells and with full and five«
eighths EPS radiator area operation under the two extremes for Skylab fixed
orbit environmental conditions. The SINDA-3G computer program is required
for the eight cases of computer simulation. Results for each of the eight
cases must be within the acceptable fuel cell temperature limits stated for
the flight measurements.

SD 70-266
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2. CONCLUSIONS
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Analysis results indicate the EPS radiator subsystem has sufficient
capability to reject the waste heat associated with the fuel cell power levels
required for Skylab missions while maintaining the fuel cells within nominal

temperature levels.

The computer simulation considered sun-vector orbit

plane angles (g) of 0.0 and 73.5 degrees for one and two fuel cells operating
with full and five-eighths radiator areas.
power levels evaluated in this study are listed in Table 1.
cussed in Section 4. 4 of this report.

The maximum and minimum
Results are dis-

Table 1. Summary of Results for Fuel Cell/Radiator Power
Capability for an Earth Orbit of 235 Nautical Miles

. Minimum Maxirmum
Fuel Cells Radiator Area Total Current | Total Current
(number operating) | (operating panels) {amperes) (amperes)
L2 8 50 100
2 5 40 90
1 8 30 60
1 5 25 50

Preceding page blank }
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3. RECOMMENDATIONS

Based upon results of this analysis, qualification and development test
results, and Block II flight data, Block II fuel cell and EPS radiator sub-
system capabilities ‘are sufficient to meet Skylab mission requirements., No
further testing or analysis is recommended.

Prer.etlmg page hlanﬂ

SD 70-266



‘ Space Division
North Arnerican Rockwell

PRECEDING PAGE BLANK NOT FILMED

4, ANALYSIS

4.1 ANALYTICAL MODELS

General Fuel Cell Model Considerations

The Pratt and Whitney fuel cell combines oxygen and hydrogen to pro-
duce electricity, heat, and water. The overall chemical reaction can be

written as
Hp + 1/2 Op — HpO + Energy

The quantity of reactants required to produce a given amount of energy can
be determined from Faraday's Laws of Electrolysis. As stated in Refer-
ence 4, these are:

1. The mass of a substance liberated in an electrolysis cell is pro-
portional to the quantity of electricity passing through the cell.

2. When the same gquantity of electricity is passed through different
cells, the masses of the substances liberated are proportlonal to

their electrochemical equivalents.

The combined laws can be used to express the amount of water pro-
duced per unit time in terms of current flow:

WH,0 = I¥M/(F#n) | (1)
where

I = current (amperes)

2
1

molecular weight
F = Faraday's constant—96500 amp-sec/gm equivalent

gm equivalent/gm mole

=
n

%
]

weight flow per unit of time

Preceding page blank
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The following values of specific fuel consumption have been determined
from the above equation:

0.0230 1b HyO per amp-hr
0.0204 1b O, per amp-hr
0.00257 1b H, per amp-hr

Figure 1 depicts the basic schematic of the fuel cell thermodynamic
components. Two coolant loops are used to remove the excess heat and
water. The stack contains the 31 individual fuel cell elements, each of
which consists of two electrodes and the KOH electrolyte, where the chemical
reaction of hydrogen and oxygen occurs. Electrically the cells are connected
in series. Each is capable of approximately 1 volt, depending on electrolyte
condition and load. The temperature of the stack is maintained in the range
of 390 to 460 F by means of the primary regenerator and bypass valve. The
condenser and water separator are responsible for the water removal and the
resulting water concentration in the electrolyte. The temperature range at
which water is nominally condensed is 155 to 165 F.

This temperature range is controlled by the secondary regenerator
bypass valve and the secondary regenerator. After some of the waste heat
is used to heat the incoming reactants in the oxygen and hydrogen preheaters,
the EPS radiators reject the excess heat to space. The analytical modeling
for each major component is discussed in more detail in the next sections.

Voltage QOutput

The fuel cell terminal voltage is a function of load current, stack
temperature, and electrolyte (KOH) water concentration. Reference 5
provides nominal fuel cell performance curves that depict voltage as a func-
tion of current and parametric values of stack (surface) temperature. These
curves were expressed in the general polynomial form

Ve = Ay + A I+ A31% + AP + A5TS + Ag(TS) (I)
+ A7(TS)(1%) + AgTS% + Ag(I)TS?) + A1oTS3 2)
where

Vi is voltage based on current and stack temperature {volts)

Ajy......Aqq are coefficients

I =load current (amperes)

TS = stack temperature (°F)

SD 70-266
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A standard least squares surface fit bivariate polynomial routine was
used in calculating the coefficients of this equation. The input data for the
bivariate routine, as shown in Table 2, are the Reference 5 data corrected to
a common KOH-water concentration of 0.75. The coefficients established
from these data are given in Table 3. The resulting value, Vi, is corrected
for the KOH-water concentration effect in the SINDA program by the following
equation:

V =V -0.241 (0. 75 - PCKOH) (3)
where
V = fuel cell voltage based on current, stack temperature, and
KOH~-water concentration {volts)
V; = voltage based on current and stack temperature (volts)
PCKOH = the weight ratio of KOH to KOH + water

The value of V is used in the program as the fuel cell terminal voltage.

Table 2, Input Data for Bivariate Routine

Stack Temperature (°F)

Current

(amperels) 380 400 420 440 460
15.0 30.0 30.8 3t.4 31.8 31.9
20.0 29.1 30.0 30.6 31.0 31.3
25.0 28.3 29.2 29.9 30.4 30.7
30.0 27.5 28.5 29.4 29.8 30.1
35.0 26.7 27.8 28.8 29.2 29.6
40.0 26.0 27.2 28.2 28.7 29.0
45.0 25.3 26.5 27.6 28.2 28.5
50.0 24.6 25.9 27.0 27.7 28.1

- 10 -
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Table 3. Output Coefficients From Bivariate Routine

A 5.583364 Ag 4.686233 x 103
A, -1.308438 Aq  -3.573639 x 10°7
Az 2.054927 x 1073 Ag  -1.525995 x 10-5
Ay, -1.333418 x 107 . Ay  -4.889387 x 10-6
Ag  9.694690 x 10-2 Ayg  ~1.292755 x 1077

Primary Loop Thermodynamics

Excess heat and steam produced in the chemical reaction in the stack
are removed by the recirculating stream of hydrogen and water, The energy
balance computation for the stack is based upon the total energy of reaction
as input to the stack and the electrical power, stack temperature change,
recirculating fluid temperature change, and fuel cell heat loss as output
energy. The reaction energy is determined by

QGENAT = 51600, * SFCHZ2 (4}
where

QGENAT = reaction energy (Btu/hr)

SFCH2 hydrogen consumption rate (1b/hr)

51600 Btu/1lb is the lower heating value of hydrog.c-m
The heat balance on the stack is given by
QSTORD = QGENAT - QH2 - Q02 - QELECT - QRS - QSM (5)
where
QSTORD = heat gained in the stack (Btu/hr)

QGENAT

reaction energy (Btu/hr)

QH2 = heat gained by the consumed hydrogen {Btu/hr)

QO2 = heat gained by the consumed oxygeh {Btu/hr)

- 11 -
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QELECT = electrical energy output (Btu/hr)

]

QRS

heat gained by the recirculating hydrogen-water stream
{Btu/hr)

QSM = heat lost by the stack to the SM structure (Btu/hr)
A similar equation can be expressed for the primary loop heat balance:
QC:OND = QGENAT - QELECT - QSM - QHZO {6)
where
QCOND = heat transferred across the cond.ensef {Btu/hr)

QHZO = energy in the condensed water above the 70 F datum
(Btu/hr)

QGENAT, QELECT, and QSM are as previously defined.

After the two equations are balanced, the temperature can be deter-
mined in the primary loop by the following three equations:

TSE = TSTACK + (QSTORD*DTIMEU/30,) (7}
where
TSE = the new stack temperature (°F)
TSTACK = the previous stack temperature {°F)

QSTORD = the stack heat gain (Btu/hr)

DTIMEU = the time step (hr)
30, = the stack mass-specific heat product (Btu/°F)
TSI = TSE - QSR/(WDTCPI + WDTCP2) (8}
where

TSI = recirculating stream temperature at stack inlet (°F)

TSE = recirculating stream temperature at stack outlet (°F)
{(as well as the stack temperature)

- 12 -
SD 70-266



‘ Space Division
North American Rockwell

QSR = heat gained by the recirculating hydrogen-water stream

(Btu/hr)

WDTCP1! = the mass-specific heat product of the water in the
recirculating stream

WDTCP?2 = the mass-specific heat product of the hydrogen in the
recirculating stream
TCIP = TCEP - (QCOND - CONST2)/(WDTCPI1 + WDTCPZ) (9}
| | g ‘
where A
Jﬁ"\\, . :
TCIP = recirculating stream temperature at condenser primary
inlet (°F}
TCEP = recirculating stream temperature at condenser primary

outlet (°F)

CONSTZ = heat of vaporization of the condensed water

QCOND, WDTCP1, WDTCP2 are as previously defined.

The TCEP is determined in the condenser subroutine, which is
described in the next section,

. The mass balance in the primary loop is determined by assuming a
constant volume delivery of 3 cfm at 60 psia for the primary pump for cal-
culating the specific volume of the hydrogen and water at the stack inlet and
outlet and at the condenser inlet and outlet. The partial pressure of water
is first determined at the condenser exit, based upon the condenser exit
temperature and a saturated steam condition. At the stack, the recirculating
steam enters at this same condition and leaves at the temperature and the
partial pressure of water in the electrolyte, Figure 2 illustrates the relation-
ship of the electrolyte temperature, partial pressure of water, and KOH
concentration. The program computes the equilibrium water pressure at
the condition of electrolyte temperature and concentration at the beginning
of the time step. This pressure is assumed to equal the partial pressure of
water in the hydrogen-water stream at the stack exit at the 'end of the time
step. Thus, the water balance is determined from the following equations:

WH202P = 1%0, 0230 * DTIMEU (10)

- 13 -
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Figure 2. Water Pressure of KOH Electrolyte
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where

WH202P = weight of water produced within the time step (1b)
I = current (amps)

DTIMEU = time step (hours)

0.0230 is the.conversion facter for pounds of water produced per
ampere-hour '

WHZ2025 = WH2026 + WHZ20ZP * RATE (11)

where

weight of water in the electrolyte at the end of the time
step (1b)

WH2025

weight of water in the electrolyte at the start of the
time step (1b)

WH2026

RATE = the percent of water produced during the time step that
remains in the stack, RATE is calculated by an iterative
balance between the water specific volume at the stack
inlet and at the stack outlet and the water production rate,

PCKOH = 22,0/(22.0 + WH2025) . (12)

where

PCKOH = electrolyte concentration (ratio of KOH weight to total
electrolyte weight)

KOH weight is 22. 0 pounds
WH2025 is as previously defined

The mass balance of water at the condenser uses the specific volume
of water determined at the stack outlet as the specific volume of water at the
condenser inlet.. The specific volume of water at the condenser outlet is
determined by the condenser primary exit temperature, TCEP, and a
saturated steam condition,

- 15 -
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The amount of water condensed is found as {ollows:
| DMASS = (180, /SVOLI11)*DTIMEU - (180. /SVOL21)*DTIMEU (13)

where

DMASS = water condensed (lb)

SVOLI11

specific volume of water at the condenser outlet
{cu ft/1b}

SVOLI2 = specific volurme of water at the condenser inlet
(cu ft/1b) '

DTIMEU = time step (hours)
The mass balance for the reactants is based on providing the necessary

flow to support the theoretical consumption rates without consideration of
minor variations in regulated pressure:

SFCH2 = 8,292 % 1072 # 31, * I (14)
SFCO2=7.94 * SEFCHZ2 (15)
where
SFCHZ2 = hydrogen specific fuel conal,umption (1b/hr)
SFCOé = oxygen specific fuel consumption (1b/hr)

The energy balance involving the consumed reactants is discussed in
the Reactant Preheater section,

Condenser

The condenser is a counterflow heat exchanger interfacing the primary
and secondary loops of the fuel cells, The condenser transfers the heat of
the hydrogen-water mixture of the primary loop to the water-ethylene glycol
mixture of the secondary loop. The normal operating range of the condenser
exit temperature on the primary side (TCEP), which controls the secondary
regenerator bypass valve, is 155 to 165 F,

Several schemes were considered for defining condenser performance.
The method used, in view of simplicity of interface between the primary and
secondary loops, was the balance of heat flow across the condenser, Data
describing the condenser were obtained from Reference 6 and are provided in
Figure 3 in the form of condenser performance curves, A multiple linear

- 16 -
SD 70-266



OUTLET TEMPERATURE DIFFERENCE (To3 ~ To)

42

' ‘ Space Division
North American Rockwell

¥ ®
B
36—
M p— @
a2l 90 PPH
30—
2B
2 |— "
T7
24—
» - Ta3
§ Ta/r
20— s
; 1T99
Tom-T
[ GLyéol -'23°'9
18 T coL
" CONDENSER
16— - STATION
HOTOUT  HOTIN
14— COWOIN  COLD OUT
12—
Ty . (D——— ROM AIM-79 (CORRECTED TO To = 170 F)
8 —
@ —— LBWIS RESEARCH CENTER
6.
4l— @——aT = L [-79.92+0.7085¢ - 1.7524 X 10710 42]
& = GLYCOL FLOW RATE, LBM /HR
P 17 PR WS N R AN VO SN N (U S S R A |
1000 1418 22 26 3000 34 38 42 46 5000 54 58 62 64

TOTAL HEAT RATE ACROSS CONDENSER, q (3TU /HR)

Figure 3, Condenser Performance Curves
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regression scheme was then used to curve-fit the data, The following
equation was obtained:

TCEP-TCES = (1. /WDWG)*(49.229 + 0, 68747 * QCOND +9.0145E-7 *

QCOND * * 2) {16)
where
TCEP = condenser primary side exhaust temperature (°F)
TCES = condenser secondary side exhaust temperature (°F)
WDWG = water-glycol flow rate {lb/hr)
QCOND = heat flow across the condenser (Btu/hr}

The program makes successive approximations to balance the heat
flow across the condenser. A value of QCOND is calculated from the primary
loop parameters. Then the condenser glycol and gas exit temperatures are
varied in accordance with Equation (16) until the heat lost to the glycol equals
the QCOND calculated from the primary loop.

Secondary Regenerator and Bypass Valve Models

The secondary regenerator is modeled as a two-port network, The
empirical relationships used for this model are typical for a counterflow
heat exchanger and were taken from Reference 7. The hot outlet tempera-
ture, tnp2, can be written as

thz = (Ce /Ch) eltel - th1) +th] (17)
where
Ce = We CP(T)
Ch = Wi, Cp(T)
Wc, Wy, = coolant flow rates on cold and hot sides (1b/hr)

O
o

H

I

coolant specific heat (a function of temperature)
¢ = regenerator effectiveness

cold side inlet temperature (°F)

[
0
-

]

hot side inlet temperature (°F)

T
-
[

tl

- 18 -
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Figure 4 is a diagram of the regenerator with assigned terms.

- A~ o
W
t : ' t
1 | W =t <o
*——o— AAA—— * -9
W pp——n>

Figure 4. Secondary Regenerator Diagram

From Equation (17), the capacity ratio, Cc/Ch, can be rewritten

as
. 1 tcz
Wolt -+ aT
< (tcz th>ftcl Cp W, AT}, Ahe
Ce/Ch = - ™ = — (18)
. 1 W, AT. Ah
wh<thl-th2)ft CpdT hT7e™Th
h> )
where

t

cold-side outlet temperature (°F)

€2
AT = change in temperature (°F)
Ah = change in enthaply (Btu/1b)

Since the flow on the cold side of the regenerator is regulated by the
secondary bypass valve, which is controlled by the primary condenser exit
temperature, the portion of the cold-side flow that is bypassed must be
considered. The relationship of the bypass flow rate, Wpp, and the bypassed
fraction, o = WBp/Wh, and the cold- and hot-side flow rates are given by the

following equations:

Wh =W, + WBP (19)
W, /Wp=1-a - {20)
=19 -

SD 70-266
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Equation (18) can then be rewritten by using the above expressions to give

AThH Ahg

Ce/Ch = (1 -ar)m = p

(21)

The parameters ¢ and B, together with the factor 7;;, to represent the
time response, define the relationship between the inlet and outlet tempera-
tures of the regenerator:

teo| [(2-€dTi1 € T2 tey

- 22)
thy| |€BT21  (1-<P) 72| |tn, (

This relation is solved in the program by a group of subroutines that
update sliding arrays, move backward in the arrays to simulate delay, and
perform integration, Figure 5 illustrates the relationship of the secondary
regenerator cold-side inlet temperature to the regenerator effectiveness for
various coolant flow rates, The data above an inlet of 70 degrees have been
extrapolated,

The secondary bypass valve characteristics are shown in Figure 6.
The program keeps track of the TCE in ascending or descending order and

correspondingly interpolates on the correct curve,

Radiator System

The fuel cell and radiator system consists of eight 5-square-{oot panels
located on the CSM fairing. For the Skylab mission only two of the fuel cell
and radiator coolant loops will be filled and connected for two-fuel-cell
operation, While the radiator model discussion in this section is for the
basic three-fuel-cell operational mode, two-fuel-cell operation for Skylab is
simulated by using a zero flow pump characteristic for the third cell, For
one-fuel-cell contingency operation, zero flow pump characteristics are used
for two of the three cells, Reduced radiator area operation for low-power
operation for Skylab missions is the same as for other Apollo missions: The
bypass valve is actuated, and the last three panels are bypassed, and five-
panel (five-eighths) radiator operation is achieved.

The original radiator model was included with the data deck {or the
CINDA program received from NASA (Reference 8). The model included a
nodal network for each of the eight radiator panels and the coolant delivery
and bypass lines. Figure 7 illustrates the nodal model that is typical for a
single radiator panel. The solid and fluid node and conductor numbers shown
in this figure represent panel 1 in the radiator system model. The corre-
sponding node capacitance and conductor valves are given in Table 4, The
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BYPASS FLOW IN PERCENT OF TOTAL FLOW

‘ Space Division
North American Rockwell

GLYCOL TEMPERATURE = 130 F, PRESSURE 38 PSIG, TOTAL FLOW 80 PPH
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Figure 6. Secondary Bypass Valve Characteristics
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Table 4, Capacitance and Conductance Values

Solid Node | Solid Node Capacitance Solid Conductor Value
Number pCpV {Btu/*F) Conductor Number | KA/L (Btu/Hr °F)

701 - 0.043269 701 0. 199691
702 * 0, 037088 702 0.176766
703 0.043269 703 0,090127
704 0.098515 704 0.121294
705 0. 080002 705 3.111299
706 0,067608 706 3.927239
707 0. 067608 707 3,422037
708 0, 080002 708 0.106059
709 0.067608 709 0.182910
710 0. 067608 710 0.072776
711 0, 080002 711 0. 010989
712 0, 098515
713 0, 098515 Radiation Conductor Value
714 0, 080002 Conductor Number | 0¢FA (Btu/hr °F4)
715 0. 067608
716 0. 067608 901 0.2298 x 10°7
717 0. 080002 902 0.1970 x 10-9
718 0,067608 303 0.5234x 10-9
719 0, 067608 904 0.2700 x 10-9
720 0, 080002 905 0.3591 x 1079
721 , 0. 098515 ‘
722 0.043269
723 0. 037088
724 ‘ 0, 043269
893 0, 000000

original values for the solid conductors were increased ten percent after it
was found that the foil was two to three times thicker than required by the
original specifications (Reference 9), Loss of heat through the radiator panel
edges to the SM structure was accounted for by adding another solid node to
the nodal network to represent the SM structure. FEach of the solid-edge
nodes of the eight radiator panels was tied to this SM structure node by a
solid conductor. A structure temperature within a £150 F range and an
infinite capacitance is assigned the structure node, depending upon the
environment being simulated,
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The fuel cell/radiator coolant is a water-ethylene glycol solution
composed of 62.5 percent ethylene glycol by weight. The coolant properties
used in the analysis as functions of temperature are density (Figure 8); _
conductivity (Figure 9); specific heat (Figure 10); viscosity (Figure 11); and
relative enthalpy (Figure 12). The coolant pump characteristic, flow versus
pressure drop in the radiator loop, is shown as Figure 13. The pressure
drop in the radiator loop is calculated by using the Fanning equation with a
dynamic head loss factor in the subroutine {Reference 8).

Reactant Preheaters

In the secondary loop, the water-glycol, after exiting from the con-
denser, flows through the reactant preheaters before passing into the
secondary regenerator. The basic equations simulating the reactant pre-
- heaters were taken from Reference 10, with corrections made to preserve
‘compatibility with the secondary loop model.

The effectivity of the oxygen preheater is shown in Figure 14 and
expressed as

EFF = 0,53 4+ 0,002 * WDWG + 0,018 * WDO2 (23)
where
EFF = effectivity
WDWG = water-glycol flow rate (lb/hr)
WDOZ = oxygen flow rate {lb/hr)-

The oxygen preheater outlet temperature can then be found from
Equations (23) and (24):

TO20 = TO2I + (TWGOI-TO2I) * EFF (24)
where
TO20 = oxygen outlet temperature (°R)
TOZI = oxygen inlet temperature assumed constant = 530°R

TWGOI = water-glycol temperature at condenser outlet {°R)
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1.0
RANGE OF VARIABLES
- OXYGEN INLET TEMPERATURE = -150 FTO -50F

0.9 L. OXYGEN PRESSURE LEVEL = 815 TO 1015 PSIG
7 GLYCOL FLOW RATE = 45 AND 80(LBM/HR)
a GLYCOL INLET TEMPERATURE = 185 F
>
5 o8l
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0.5 l | | | |

0 0.5 1.0 1.5 2.0 2.5 3.0

OXYGEN FLOW RATE (LB/HR)
(FROM P&WA MONTHLY PROGRESS REPORT, PWA - 2345, 25 MAY 1964) .

Figure 14, Oxygen Preheatét_' Effectiveness

From Equation {25), the change in enthalpy of the water-glycol flowing
through the oxygen preheater can be obtained: _

DHO2 = (TO2I-TO20)#(0. 15240, 0000225%(TO20+TO21))*WDO2/WDWG  (25)

where

DHOZ = enthalpy change of the water-glycol through the oxygen
preheater (Btu/lb)

The temperature of the water-glycol (TWGHI) exiting the oxygen pre-
heater is found from the change in enthalpy and preheater water-glycol inlet
temperature,

The effectivity of the hydrogen preheater is assumed constant at
0. 75 (Figure 15). Equation {26) is similar to Equation (24) and gives the
hydrogen preheater outlet temperature:

TH20 = TH2I + 0,75 * (TWGHI THZ2I) (26)
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HYDROGEN PRESSURE LEVEL
GLYCOL FLOW RATE

-200 FTO +20 F
250 AND 100 PSIG
80 AND 45 LBM /HR

PREHEATER EFFECTIVENESS

LT | I (I

0.2 GLYCOL INLET TEMPERATURE 185 AND 125 F
ol | | | | L1
0 0.1 0.2 0.3 0.4 0.5 0.6

HYDROGEN FLOW RATE (LBM /HR)
(FROM PEWA MONTHLY PROGRESS REPORT, PWA - 2332, 27 APRIL 1964)
Figure 15, Hydrogen Preheater Effectiveness

where
THZ20 = hydrogen outlet temperature ( °R)
TH2I = hydrogen inlet temperature, assumed constant = 530°R
TWGHI = water-glycol temperature at hydrogen preheater inlet (°R)

The enthalpy change of the water-glycol flowing through the hydrogen
preheater is then

DHH2 = (TH2I-TH20) * 3.47 * WDH2/WDWG 27
where
WDHZ2 = hydrogen flow rate (lb/hr)

DHH2 = enthalpy change in the water-glycol through the hydrogen
preheater (Btu/lb)

The temperature of the water-glycol exiting the hydrogen preheater can
then be found from the enthalpy change and the water-glycol temperature
- 30 -
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entering the preheater, The water-glycol exit temperature is taken as the-
inlet temperature of the hot side of the secondary regenerator.-

Fuel Cell Heat Loss to Structure -

The fuel cell heat loss to the SM structure is based upon information
given in Reference 5. The data as shown in Reference 5 are plots of fuel
cell heat loss as a function of stack temperature for three parametric struc-
ture temperatures: 30, 80 and 130 F, These data were replaced with the
following linear equation, which is used in the SINDA fuel cell model:

QSM = 3,25 * TS . 1.6 % TA - 882, (28}
where |
QSM = fuel cell heat loss to structure (Btu/hr per cell)
TS = fuel cell stack temperature (°F)
TA = ambient structure temperature (°F)

The ambient temperature is assigned as an independent parameter,
based upon space environmental conditions. A temperature of 30 F is
selected for extreme cold conditions; 130 F for extreme hot conditions, and
80 F for nominal conditions, There is no attempt to determine the direct
heat conduction through the fuel cell cone mount nor to determine the heat
radiation from the pressure jacket and accessory package components, The
program does not attempt to determine the changes in the ambient structure
temperature resulting from such heating, The equation is accurate to within
x4 percent of the data from Reference 5. : o '

4,2 PROGRAM DEFINITION

The CINDA-3G (Chrysler Improved Numerical Differencing Analyzer
for Third-Generation Computers) computer program was developed by the
Thermodynamics Section of the Aerospace Physics Branch of the Chrysler
Corporation Space Division at the National Aeronautics and Space Administra-
tion's Michoud Assembly Facility, The CINDA-3G program, written to run
on the Univac 1108, was converted by the Computer Science Branch of the
Idaho Nuclear Corporation to run on the IBM 360/75 computer. The con-
verted program, called SINDA-3G (Systems instead of Chrysler}, provides
a variety of methods for the solution of thermal analog models presented in
a network format. The network representation is unique in that it has a
one-to-one correspondence to both the physical model and the mathematical
model, The program allows the models to be developed through use of
combinations of FORTRAN statements, user-initiated subroutines, and the
numerous subroutines contained within the program. These program sub-
routines can be used for handling interrelated complex phenomena such as
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sublimation; diffuse radiation within enclosures; simultaneous, one-~dimensional,
incompressible, fluid flow, including valving and transport delay effects; and
similar areas associated with heat transfer and fluid flow,

In the hands of a competent engineering analyst, the SINDA-3G program
is a powerful tool for analyzing thermal systems,

4,3 MODEL AND PROGRAM INPUT

Data Deck Setup

A SINDA-3G program deck contains two main blocks: a data block and
an operations block, FEach block is subdivided into four blocks., The four
data blocks are entitled the NODE DATA, CONDUCTOR DATA, CONSTANTS
DATA, and ARRAY DATA., The four operations blocks are designated
EXECUTION, VARIABLES I, VARIABLES 2, and OUTPUT CALLS,

Card columns 12 through 80 comprise the data field. The instruction
field (operations blocks) consists of columns 12 through 72. The program
processes the problem data into FORTRAN common data and converts
instructions into FORTRAN source language., They are then passed on to the
system FORTRAN compiler. Instruction cards containing an F in column 1
are passed on exactly as received. Discussion of the operations blocks
will fellow discussion of the data blocks,

Data input to the data blocks may be one or more integers, floating
numbers (with or without the E exponent designation), or alphanumeric words
of up to six characters each. The reading of a word or number continues
until a comma is encountered, Then the next word or number is read, Words
or numbers may not be broken between cards, and a new card is equivalent
to starting with a comma, Therefore, no continuation designation is
required, When sequential commas are encountered, the program places
floating-point zero values between them. Reading continues until the terminal
column is reached or a dollar sign is encountered. Comments for a data card
can be placed after a2 dollar sign and are not processed by the program.

The first card in each of the four data blocks must be started in
column 8 with the mnemonic code BCD (binary coded decimal), then an
integer (1l through 9) in column 12, and the name of the data block starting
in column 13, Each data block must be terminated with a mnemonic END
card.
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The NODE DATA block contains the data describing all nodes in the
network, Each set of node data is grouped similar to the following code:

column 12

N#, Ti, Ca
where
N# = integer node number
Ti = initial node temperature
Ca = node capacitance

All nodes are numbered by the program sequentially (from 1 on) in the
order received. The user input number is designated the actual node number.
The program assigned number is termed the relative node number.

Second in the group of data blocks is the CONDUCTOR DATA block,
In the nodal network, nodes are joined together with conductors. The three
types of conductors used in the SINDA-3G program are conduction {solid),
convection, and radiation conductors, Conductors are input to the program
with the code.

column 12 —
G#, NA, NB, Cn

where
—t
G# =.integer conductor number
NA = one adjoining node number
NB = the other adjoining node number
Cn = conductance value

i

If more than one conductor has the same constant value, they may
share the same conductor number and value. This is accomplished by
placing two or meore pairs of integer-adjoining node numbers between the
conductor number and value. '

The data for the CONSTANTS DATA block are always input as doublets,
the constant name or number followed by its value., They are divided into
two types, control constants and user constants, and may be intermingled
within the block. User constants receive a number, Control constants have
alphanumeric names,
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The ARRAY DATA block is the last of the four data blocks. Input of
data into this block is exceedingly simple. The array number is listed,
followed by the sequential listing of the data, and terminated with an END
(data END, not mnemonic). The interpolation and matrix subroutines of the
program make extensive use of these arrays. The SPACE option in the
ARRAY DATA block is an easy way for the user to specify a large number of
locations, which are initialized by the preprocessor program as floating-
point zeros. When this option is used, the array number is listed, followed
by the word SPACE and the number of locations to be initialized, and
terminated with an END.

While the four data blocks provide the data for the program, the four
operations blocks determine the program control. This they do through the
use of various operations and instructions. The four operations blocks,
EXECUTION, VARIABLES 1, VARIABLES 2, and OUTPUT CALLS, are
preprocessed by the SINDA-3G program and passed on to the system
FORTRAN compiler as four separate subroutines entitled EXECTN, VARBILI,
VARBL2, and OUTCAL, respectively. Figure 16 illustrates the basic flow
diagram for the solution of the network,

When the FORTRAN compilation is successfully completed, control is
passed to the EXECTN subroutine, It sequentially performs the operations
in the same order as input by the user in the EXECUTION block. None of
the operations specified in the other three blocks is performed unless it is
called for either directly by name in the EXECUTION block or internally by
some other called for subroutine. All operations and instructions listed in
EXECUTION block and performed by the program are executed only once,
Because of this feature, the EXECTN subroutine can be used to initialize
constants and variables, fabricate new arrays, establish steady-state
parameters, and performn other operations that are completed only once
during the duration of the program,

The operations in the VARIABLES 1 block can be considered pre-
solution operations. These operations may include construction of
temperature arrays, establishment of heating rates, calculation of heating
sources, or other basic operations required for solution of the thermal
nodal network,

In the same respect, the VARIABLES 2 block operations may be
thought of as post-solution operations, VARIABLES 2 allows the user to
look at the recently solved network. Typical operations of the VARBL2
subroutine may include integration of flow rates, corrections of empirical
relationships to reflect thermal solution of the nodal network, updating of
conductances to account for changes in node temperatures, ete.
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DESCRIPTION
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Figure 16, Basic Flow Chart for Network Solution Subroutines
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The operations in the OUTPUT CALLS block are performed on the
output interval specified by the user in the program. Since the operations
are performed only at the output interval, OUTPUT CALLS typically con-
tains only instructions for outputting information.

The aforementioned data and operations blocks constitute a SINDA-3G
program data deck. The deck must be terminated with the following card:

«column 8 12
BCD 3END OF DATA

The user has the option to use the subroutines contained in the
SINDA-3G library or to write his own. When non-SINDA-3G subroutines are
being called, the data communication is obtained through subroutine argu-
ments similar to any other subroutine,

Sample Problem Input Data

The listing of the sample input data is included in the appendix. The
data are presented in the same order as stated in the Data Deck Setup section:
the node data first, followed by the conductor data and constants data, and
concluded with the array data.

The node data includes the solid temperature nodes for the eight
radiator panels, the water-glycol fluid temperature nodes for the three-
fuel-cell system, the fluid pressure nodes, and the edge sink and environ-
mental sink nodes for the eight panels.

The 11 solid (conduction} conductors are the first of the data listed in
the conductor data., Next are the convection conductors and the pressure
and fluid flow conductors for the three systems. The conductor data are
concluded with the five radiation conductors.

The constants data contain the 472 constants used in the program,
These constants are listed by their actual number rather than the program-
assigned relative numbers,

Listed in the last section of the problem input data are the array data.
Eighty-four arrays are listed, with most arrays containing data and the
remaining arrays using the SPACE option to allocate program storage
locations.

Following the input data is a listing of the main program (EXECTN,
VARBL1, VARBL2, and OUTCAL} and the 12 user-written subroutines,
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Sample Problem Output

Figure 17 illustrates a typical problem output listing. The listing is
headed with the title ""Systems Improved Numerical Differencing Analyzer *
SINDA * North American Rockwell Corporation - Space Division' and
followed by 11 output interval data sets. Each output interval data set is
started with four asterisks. The first data line contains five control con-
stants with their values listed to the right of each constant. The last three
constants have the relative node number enclosed in parentheses. The
control constants are:

TIME Present missioﬁ time (hr)

DTIMEU Last time step ulsed for transient. network problem (hr)

CSGMIN Most recent minimum stability criteria for the
network

DTMPCC Maximum diffusion temperature change calcul'at.ed

over the last time step

ARLXCC Maximum arithmetic relaxation change calculated
over the last iteration

The next four lines of output are associated with the primary 100p‘
operation. The first two lines list the titles, with the values following.

The titles are defined as follows:

SYSTEM Fuel cell system in operation (for Skylab configuration
only two fuel cell systems are used, systems 1 and 3)

POWER Fuel cell power output (watts)
CURRENT" Fuel cell output current {(amps)

VOLTAGE Fuel cell output voltage (volts)

TSI - Stack inlet temperature {(°F)
TSE Stack exit temperature (;’F)
TCIP Condenser inlet tefnperature, primary loop ( °F}
TCEP Condenser exit temperature, primary loop (°F)
QCOND Heat flow across the condenser (Btuflhr)
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TO2

TH2
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Weight rate of water condensed (lb/hr)

Percent of water produced in the time interval that
remains in the stack (%)

Oxygen reactant temperature at stack inlet (°F)

~ Hydrogen reactant temperature before mixing with the

primary recirculation stream (°F)

Electrolyte concentration ratio

Secondary loop operations are listed in the next four lines, with the
titles followed by their values. The titles represent:

FLOW RATE Water glycol flow rate (lb/hr)

QRAD
TRADIN
TRADOUT
DPRAD

TSRCI
TSRCE
TSRHI
TSRHE

TCIS
TCES

BPFS

Heat flow across the radiators (Btu/hr)
Temperature of the radiator inlet (°F)
Temperature of the radiator outlet {°F)
Pressure drop through the radiator loop (psi)

Temperature of the secondary regenerator at the
cold-side inlet (°F)

Temperature of the secondary regenerator at the
cold-side exit (°F)

Temperature of the secondary regenerator at the
hot-side inlet {°F)

Temperature of the secondary regenerator at the
hot-side exit {°F)

Condenser inlet temperature, secondary loop (°F)
Condenser exit temperature, secondary loop (°F)

Bypassed ratio at the secondary regenerator

The final data group lists the radiator inlet and outlet temperature for
the eight radiator panels for all three systems. The temperatures are
listed in degrees Fahrenheit. The four asterisks following this data group
designate the start of a new output interval data set.
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4.4 ANALYTICAL RESULTS

Three temperature levels are monitored to determine if the fuel cells
are operating within the specified limits. These temperatures are measured
at the condenser primary exit, the radiator exit, and the stack. The nominal
condenser primary exit temperature range is 155 to 165 F, with allowable
cycling to 200 FF. The caution and warning {(C& W) alarms for the condenser
exit are set for 150 F and 175 F, For the analysis, the acceptable minimum
power operation was defined for condenser operation as between 150 and
155 F. The acceptable maximum power operation was defined as between
165 and 200 F, The stack and radiator exit temperatures are less limiting
than the condenser exit temperature, This is evidenced by results in which
seven of the eight cases reached the condenser exit limits, The remaining
case was limited by the stack temperature.

The nominal stack temperature range is 390 to 460 F, with the C&W
alarms at 360 F and 475 F, For the analysis, the acceptable minimum stack.
temperature range was 360 to 390 F, The maximum was defined as 460 to
475 F., The radiator exit-temperature nominal range is 0 to 120 F, with
allowable high-temperature cycling to 180 F. The C& W alarm 'is set only
for the minimum temperature condition of -30 F, Only the acceptable
minimum radiator temperature range was defined for the analysis, This
range, -30to 0 F, was not encountered in any of the eight cases,

Two environmental heating profiles were used for the heat that is
radiated to radiator panels., The hotter environment, which was used for
the maximum power cases, has a (3 angle of 73,5 degrees for a circular
earth orbit of 235 nautical miles with the vehicle in a Z-local vertical
attitude hold. The colder environment for the minimum power cases uses
a f angle of 0 degrees for the same orbit and attitude conditions.

The power levels shown in Tables 1, 5 and 6 represent the expected
power requirements for the Skylab missions. One-fuel-cell operation and
five-eighths radiator area are contingency operation modes that are
considered irreversible., That is, once the contingency mode is selected,
a return to normal two-fuel-cell or full-area operation is never required,

With the exception of Case 2, the power levels shown in Table 5 can
be raised slightly by operation at the condenser C&W limit of 175 F,
Operation to 200 F is acceptable for peak cycling conditions. However, once
the nominal bypass limit of 165 F is exceeded, a slight increase in power
results in a significant temperature rise, Case 3, one fuel cell, full area
at 60 amperes, is the only case where the stack temperature limits the power,
In this case, a greater increase in power is available if operated to the stack
temperature C&W limit of 475 F.

- 4] -
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For all of the minimum power cases listed in Table 6, slightly lower
power capability is possible by operating down to the condenser C&W limit
of 150 F. The temperatures shown in Tables 5 and 6 are orbital extremes
except where differences occurred between fuel cells in two-fuel-cell opera-
Then the value shown is the average between the two cells at the
orbital extreme condition.

Table 5.

System Temperatures for High Power Levels

System Temperatures (°F)

B Number of Radiator Total Fuel Cell
Angle | Fuel Cells in| Area {operating Current Condenser Radiator | Radiator
Case| (deg}] Operation panels) Level (arnps) Exit Stack Inlet Outlet
1 73.5 2 8 100, L68. 45 453,93 | 189.87 130, 58
-2 73,5 2 5 94, 192. 01 452,11} 208.98 178. 48
3 73.5 1 8 60, 163, 77 470.24} 190, 24 138, 04
4 73.5 1 5 50. 172,98 458,70} 194, 06 i53.91
Table 6. System Temperatures for Low Power Levels
B Number of Radiator Total Fuel Cell System Temperatures (°F)
Angle [ Fuel Cells in [Area [operating Current Condenser Radiator { Radiator
Case | {deg) Operation panels) Level (amps) Exit Stack Inlet Qutleat
5 0. 2 8 30. 154.30 | 418.25 52,85 33.03
6 0. 2 5 40. 150, 46 (412,36 66. 11 40, 32
7 0. } 8 30, 155.06 |426.05 47. 12 19,08
8 0. 1 5 25, 153. 41 419. 34 46,71 24,57
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APPENDIX: INPUT DATA, MAIN PROGRAM LISTING,

AND USER SUBROU_’I‘INE- LISTINGS

BEND ITHEIMAL SPCS

END

BCD 3INODE DATA

REM

REM

REM

REM

REM

REM

RADIATOR SOLID TEMPERATURE NODES (PANEL 1}
73191004y e0432693,702,10G.+».037088C,703,100.,4.0432693
T34, 10044.0985149,705,100,,.0800018,706,100.,.0676083
T374100a, 06T6083,708,100.,.0800018,709,100,,.0676083
710410045+ 06T7608347114100.+.0800018¢712410044.0985149
TL34100:¢407851493714,1004.,.080001R,715,100.,.0676083
T1650100,4.06760833,717,120.,.08000168,718,100.,.06T76083
T19410244+.,0675083,720,130.,.0800018,721,100.,.09685149
T22410044.0432693,723,100.,,03708804T2441 00yl ¥320-"
RADIATOR SOLID TEMPERATURE NDDES {(PANEL 2}
7254100, 4+20432693,7264100++.0370880,727,100.,.0432693
728,100.,.0985149,729,1004,,.0800018,730,10C.,.0676083
T31 41004+ .06760R3,732,100,,.0800010,733,10C.,.067608%
734410045 .0675083,735,10044.0800018,7364+100.,.0985149
737,190.4.09851494738,4100.,+.08B00018,739,100.,.0676083
T40¢1004¢00676083,7414100.,.0800018,742,100.,.0676083
T43,100,4.0676083,T44,1C0.,.0800018,745,100.,.0985149

Teby100.4.0432693,767,100.+.03T708080,T484100.4+.0432593 .

RADIATOR SOLID TEMPERATURE NODES (PANEL 3)
T495100.9404326934750,41004+.03708804751,100.¢.0432693
7524100490985 49, 753, 100.,euddC313,754,100.4.0..76513
755410049 .0676083,75641004,.0800018,757,100.,+.0676083

' 753.106...0676033.759,100.,.0300018.760.100...0935149

T519200.4.0985149,762,10044.C830018,7563,+100.,.056T60R3
766.100...0676083,?65.100...0800018.766.100{..0676083
757910044+ .0676083,763,100.,.0800018,759,100.,.0985149
TTO2100.4.0632693,7714100.+.03T08B80,7T2,10C.y.0432693
RADIATOR SOLID TEMPFRATURE NODES (PANEL 43
TT3I9100:e204632693,774,10049.03T08B0+TT75+4100C4+.0432693
TT691004.4+0985149,777,100.,.0830018,778,100.,.0676083
779'1030090676033.780.1000900300019'73101000100676083
T82,103.4.06756083,793,100,,.0830018,784,100.,.0985149
T95,10044.0985143,7056,100,,.0800G18,787,100.,.0676083
TA8 ,4100.,.0676083,789,100.+.C800018,790,100.,,.06760R3
TT91 41004+ 06T6083,792,100.,.0800018,793,100.,.09085149
T4, 1004+ 0432693,795,100.+.,0370880,796,100,,.043269)
RlD'lTUR SOLID TEMPERATURE NODES (PANEL 5)
79T:100.5.0432693,798,100.¢.0370880,799,100.,.0632693
8204100.9.0985149,001,100.,.0800018,802,100.,.0676083
833,1004,.007T608%,004,100.,.0800018,805,100.,.0676083
806,100...0676033p307tlUO-poOBQOOlS.SOBoIOOo.00985l49
BI9,100.440C362! - 21T erev B0l lsilQueyand o
812.100..00676033.31?ll?ﬂ.'.OQQGOIB Bl14,100,,.7 TeD*
8154100.,+.0676083,816,100,,.0800018,817,100.,.0985149
81P,100.4+.0632693,8194100,,+.0370880,820,100.,.0432693
RADIATOR SOLID TEMPERATURE NODES (PANEL &)
8219100.+.0632693,822,100.¢.0370880,823,100.4.043269)
8264100,¢40985149,825+100.+.0800018,826,100.,+.0676083
827,100.4+.0676083,828,130,,+.0800018,829,10C..,.0676033
B30,103.4.0676083,831,100.,.0800018,0832,100.,.0985149
833,100,+.0985149,834,100.,.0800018,835,1006,,,.0676083
836,10).+.06760R3,837,100,,+.0800019,838,100.,.0676083
839,100.+.0676093,840,100.,.,0800018,841,100,,.0985149
342.100...0432693 B43,100,+.03T70880,844,4100.,.0432693

~ Preceding page hlanﬂ
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$TILCOLEC

$NIDQOLC
$NODOG 20
NODON3C
$NDDOO4O
$NODOCSC
$NDNOLED
$NANOOTG
$NOOOCAC
$NODOC 9D
$NONOLCLO
SNDDO110
$NODOLE 20
s$NODCL3Y
$NODOL40
$NODO1SD
$NODOLS0
$NODOL170
s$NODOLAC
$NODOG190
ENDDC200
tNODO210
$NIDG220
$NODO2 30
$NODC240O
$NODO250
$NQODG260
$NODO2T0
$NODO28C
$NODO290
$NODO300
SNODO3L0
$NODO320
$NODO330
S$NODO34C
$NDDO35D
$NODO3GO
$NODG3T0
$NODC38D
$NOQDO39D
$NDDO400
$NODO410
$NODG420
*N0D0&3D
$NDDO%40
SNODO&SO
S$NONO0460
+NODO4TO
$NODD4 S0
$NDDO490
$NODOSOD
S$NODOS10
$NODOS20
$NODCS30
$NODOS40
$NODOS5S0
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REM
REM

REM

REM

REM
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RADIATOR SOLID TEMPERATURE NDDES {PANEL T} $NODOSAD
B454103.5.0432693,846,1004+.0370880,847,100,,.0432693 sNODOS T
A48,1C0.440985149,849,100,,.0800018,8504100,,.0676082 SNODOSAC
851410044 .0676083,852,100.,,.0830018,853,1C0.,.0676083 sNONDGSan
BSGy 1004y +06THOAI,855,100.+.0800018,08564100.,.0985149 £NODCE00
957,10045+0985149,858,100.,.0800018,859,100.,.0676083 $NONCHLD
50, 10044 .0676083,861,100.,.0800018,862,1CC.,.06T7T6083 $NODGS20
Ba34100e906T6083,864,100,+.0800018,48854100,,+.0985149 $NODOB 30
866910009 .0632693,067,100,+¢.0370880,868,100,+.0432693 tNODCESD

RADIATOR SOLID TEMPERATURE NDDES (PANFL 8) $NODOSS0
A69,10049.0432693,870+100,+.037C880,871,4100,.,+.0432693 $NODOESC
BT2+102.+.0985149,8T3,100.,+.0B0C018,8T4,100.,.06760R83 $NODCETE
BTS+100.+,06T60BI ,8T6510044.CB00018:877+100,+.06T76083 $NODOG6BD
BT841004+.06T76003,879,100.,.0800018,880,100.,.09485149 $NODOK9D
R91,100.,.0985149,882,100.,.0800018,883,100.,.06T76083 $NODOT0D
B84,100.y.0676083,885,100,,.0800018,886,100.,.0676083 $NODOTLO
B97410044.0676083,0888,100.,.0800018,8R9,100.,.0985149 $NODOT20
A30,4100¢4+0432693,891,100.+.0370880,4892,100,,.0432693 LNODOT30

FLUID TEMPERATURE ARITHMETIC NODES $NDDQT75C

617’1160'-1. '616'1190i"lo.615t 1190 "”.0'61{"'122."10

B134122¢9=1ap612912503=1a36114¢12542-14+610412844~1,

609’1280 !-lo t6°8' 13‘[0!-10 1607013100'10t606013“0 t"l-

605,13‘0.,"100604'].3701"10 !603:[3700-10'602'140. o-].o

6355116000 1asb634, 11949103833, 11%.4-1.5632,122.:+-1.

65314012209~ 144630,12509-1.+456294125.9~1.+62B8:,12R,,4-1,

B2Tel2801=1es62H8,413000=1409525413109=10s6284134.4~1.

85234313809 ~10¢622,13 7091096211370 r=144520,140.+-1.

653311809 =10+6524109.4~1036%13109.4=1.+650,122,.4~1.

64912209 Las64A4125.9-1.366T4125,9-1.4646,128.,4-1.

45,1280 9=La e84, 13 e0-10eb83+413009-1avb642:134,,~1.

6410138, 4-1.06804137,:-1.+639,137,45-1.2638,140..-1.

FLJID TEMPERATURE NNDES = MIXING (SYSTEMS 1,2,3) $NIDOBAD

6518411609 =1as8536911809=14365%4118.4—~1.,

FLJYID TEMPERATURE NDDES - ROUNDARY {SYSTEMS 1,2+3) $NODDQDD

“b5013190aes=0619:190.94=63T4190. ¢ $NDODO910

FLUID PRESSURE NDDES (SYSTEM 1) $NODO0920
=501 se=5021r291=50% 02 s-50%,349~5054294~50864+¢-5071++-508,, $NODOQ?30
=500y e =510 e e=51tere=51240e=512y0s=514ess=51594e=-51b6+¢ SNODO940
=51 T ee=518)44=51909-520094-521¢v9-522+9+-52344+-5244, $NODGH50
-525!|9'526'.9-527000 ‘NDDOQ&O

FLUID PRESSURE NODES (SYSTEM 2} $NODOITD
=528 9v=529140=5304s2=53Le 09532499533 30¢-5341+¢-535,, SNODO9S0
=536 9953704153830 1=53F 1 9=5804s09=58Less=542444-543,, S$NODO99D
=~58h s g s =545 00 e=540 4 40~ Ts e +=5484++v=54%3+=55044+-5514+ $NOD1000
=552 3 49=553,4¢-554,0. $NODLOLO

FLUID PRESSURE NODES (SYSTEM 3) $NODYO2D
=555 99-5560949=55T 10 0~558490-559,19-5604+1+-56114¢-5624, $NOD103D
=563 49=58%y91=0365990=5604901=56T4909=568444=5694+-5704, $NOD1040
=5 L =5T2000=0T7,900=5T8y 0057540957644 +-5TT4++-5784, $NODLOSO
“579449=58D44,~581,0. $NOD1056D

EDGE SINK TEMPERATURE NODE FOR PANELS I TO 8
=893,4=150.,

ENVIRONMENTAL STNK TEMPERATURE NOOES FOR PANELS 1 TO A S$NODLDTO
‘9”1.-660..'-9023-463...-903.'4600..-904.-460..o'°05;'460.p SNOD10BOD
‘936'-‘600it"ﬂ?!“‘ﬂo.."O’l‘*‘Oo' SNOD109O

$NODL111O

ICONDULTOR DATA SCNDOOLD

SCNDODD20
$CNDDO30

SUL]Q_CUNDU;TUR - NUMBER 701 $CNDOQO4D

SCNDOOSO
TOL 701702, 702,703,722, T23:T723,724 $PANEL 1 SCNDODSD
1254726+ T26+T2ZT o T4beT4T, 747,748 $PANEL 2 SCNDOGTO
T4, 750,750,751 ¢ TTOL7TTL, 771,772 $CNDOOSO

$PANEL 3

- 46 -
SD 70-266

Space Division



‘ ' Space Division
Nowth American Bockwell

TTA,TT4, 774,779, 794,795,795, 796 SPANFL 4 SLNDGDOC
791,798,798,799,818,819,819,820 $PANEL 5 sCNDGLOC
B21,822,0822,823,842,843,843,844 $PANEL 6 $CNDOLLC
865,846,R8406,0847,8606,857,867,868 $PANEL T $CNDOL2G
B69,87C,B70,871,890,891,+89:,892,.1994911 SPANEL § $CNDOL3D
RFM SOLID CONDUCTOR - NUMBER TH2 SCNDCL4D -
TL29T0L V04 TO3 2 T12, 7134 72247214726 SPANEL 1 sCNDOLSO
P25, 728, 72747364 T3T, 746, T45,T4R SPANEL 2 SCNDCLAL
T4 752,751+ 760,761,770, 769,772 $PANFL 13 SCNDOLTC
TT3, 7T, 775,784, TRS, 794,793,796 $PANEL 4 $CNDOLABD
T97,800,799,6809,809,818,817,820 $PANFL 5 S$CNDQL 90
821,826,823,832,833,042,841,844 $PANEL & $TNDD20G
845,948,847 ,056,RB57,046,0865,868 $PANEL 7 $CNDO21YC
693,872,871, 880,881 ,890,8089,892, . 1T6T663 $PANEL A $CNDG220
REM SOLID CONDUCTOR - NUMBER 703 SCNDO230D
T3, T0L, 705, 702,708,703, 711,714,722, T17,723,720,724 $PNLISCHNDCZ40
T254 7297264732, 72T 735,730, Tab,Tal 74T, Ta4,T48 $PNLZ2SCNDOZ2SO
Ta e TS5, 750, TS0+ TS 147594 762, TTO TS5, 771, T68,772 FPNLASCNDOZSD
TT3sTTTeTTG, TR0 715,783, 7T86,7934,T89,795,792,796 SPNLGSCNDOZTO
T97,831,798,804,799,807,810,818,813,819,816,820 $PNLSSCNDO2RG
821,R25,822,82B,+823,831,834,6842,837,043,84C,844 $PNLESCNDQZID
845,0849,046,852,84T7,855,R58,866,0861.B67,864,9568 tPNLTSCANDOAOD
A69,AT3,BTC,BT6,871,879,882,890,885,R91,888,892,.090127 $PNLASCNDOI1D
RFM SOLID CONDUCTOR - NUMRER 704 LtCNDDIZD
TIeyTOls TO6, 702+ 70T 702,709,703, 710 $ PANFL 1 $CNDQ330
TL5: 722y T1H4T23,T18, 723,719,724 $ PANEL 1 $CNDO340
725,730, 726373127264 733,727,734 $ PANEL 2 $CNDO3SO
T3, Ta4b,T40 ,T4T,T42,T4T, 743,748 4 PANEL 2 SCNDOISC
TaF T84, T504755, 750,757, 751,758 $ PANFL 3 $CNDOATC
163,770, 766, TTLe 766, T, 767,772 $ PANEL 3 $CNDO3AG
TT3¢TTRLTT4,TT9,TT4,TBL, 775,782 $ PANEL 4 $CNDO3I90
TBT 2 T4, TAB, 795,720,795, 791,796 $ PANEL 4 SCNDOLOC
T37+802,7T98,803,798,80%, 799,805 $ PANEL 5 $CNDO410
A11,818,812,819,814,819,815,820 $ PANEL 5 SCNDD&20
A21,82¢,822,027,822,829,823,830 $ PANEL 6 $CNDQ&3D
A35,842,0836,843,838,R43,839,844% % PANEL 6 $CNNOG&
845,850,046,85]1,846,853,847,854. $ PANEL 7 $CNDO45S0
859, 066,860,86T+862,0967,863,868 $ PANFL 7 $CNPO&BD
B69,8T4.8T0,875,870,877,871,878 $ PANEL 8 SCNDO4TO
#83,A90,884,891,886,89]1,887,892,.121294 % PANEL 38 sCNDO4 8D
REM SOLID CONDUCTDR = NUMBER 705 S$CNDD&90
TO5T0Ge TOS, TLL T2 7134 T14,T20,721 $PANEL 1 $CNROS00
T2B8e T2, 735,736,737, 738, T44,T45 SPANEL 2 $CNDDS10
TS24T53, 759, TG0+ TEL+TH2, TH8, TH9 SPANEL 3 $CNDOS2C
7?_6,7?7, TBITA4L, TRS5, 786,792,793 $PANEL & $CNDODS 30
B22,801,R07,0808,809,A10,816,817 L$PANEL S $CNDOSS D
824,+825,831,40832,833,834,840,84] $PANEL 6 $CNDOSSC
B4R, R49,R55,056,85T+058,P54,865 $PANEL 7 $CNDOS60
A72,873,879,800,881,742,888,889,3,111299 S$PANEL 8 $CNDQSTO
REM SOLID CONDUCTOR ~ NUMBER 706 $CNDOSBO
TO6sTOS, T06, TOT 708,708,709, 710,711 $PANEL ) S$CNDOSI0
Tl TIS  TLO s TLT+ TLT+ 718,719,720 $PANEL 1 $CNDOKOO
729,730, 731,732,732,733,734,735 SPANEL 2 SCNDOD&LD
738,739, T40,T4l,T4l,T42,T743,T4é $PANEL 2 $CNDOS20
TS5, 756, T55, 7564 756,757,758, 759 $PANEL 13 SCNDO63D
TH2, 763,764,765, 765,766,767,768 $PANEL 3 SCNDOL&D
TTT+778,779,7680,780,781,782,783 $PANEL 4 SCNDOHSO
786,787, 788,789,789,790, 791,792 $PANEL 4 $CNDOb6O
A01,+802,80%,0804,804,805,806,807 $PANEL 5 SCNDGQ&6TO
819,811,P12,813,813,814,815,81¢6 $PANEL 5 S$CNDDSAG
p2%,826,827,0828,82R,829,830,A31 . $PANEL & $CNDOS90
834,R35,08356,837,P37,038,839,840 $PANEL & $CNDOTOO
849,850,851,852,052,A53,854,855 $PANEL T $CNDOTLO
B58,A59,860,R561,861,R62,0863,864 $PANEL 7 $LNDOT20
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REM

REM

RFM

REM

REM

REM

REM
REM

BT 3,RTG+RBT5,8T6,AT6,8T7T7,878,879 SPANEL 8
A482,8R3,894,885,385,0R6,8A7,A88,3.,927239 $PANEL 8§
SOLID CONNECTOR - NUMBER T07

TOT, 706,707,709, 71027154 7106,718,719 SPANEL 1

733,731,733 T34,4739, 740,742,743 SPANEL 2

756,755, 757+ TSR, 763, T84,y 756,767 $PANEL 3

TTB,TT9,T81,782,7A7,788,790,791 SPANEL 4

AD2y80C3,805,806,811L+812+814+815 ' $PANEL 5

B26,827,829,830,835,R36,830,839 S$PANEL &

B504+851,853,854,859,0860,B862,863 SPANEL T
BT4,875,877.,878,083,884,8R6,887,3.42203T7 SPANEL A
SOLIN CONDUCTOR - NUMBER TO8

TG TOG  TL3, 71247214 728,737,736,745 $PANELS 1-2

T52, 761, TH0+T69,TT6,T85, T84, 793 SPANELS 3-4

BOC+809,808,817,824,0833,832,841 LPANELS 5-6
R49,857,856,865,872,A81,880,889,.106089 EPANEL 8
SOLTD CONDULTOR - NUMBER T09

133,705, T144T708,TLT,TLL, 720 SPANEL |

729+ T3B4TI2+ 7412735, 144 $PANEL 2

153,762, 756,765,759, 768 S$PANEL 3

TT7,786,730,789,783,792 SPANEL 4

891,81),804,813,807,816 $PANEL 5

B25:834,828,83T7,331,840 $PANEL 6

B49,0858,852,861,R55,864% $PANEL 7
873,882,076,.885,879,888,,14829098 S$PANEL 8
SOLIOD CONDUCTOR - NUMBER T10

T13+ 706, T1Se 10T 716,709, 718,710,719 $PANEL 1

T30, T39,T31,T40,T733,742,734,743 $PANEL 2

T4 16347550 T64,T5T ¢+ T66,T758,THT $PANEL 3

778+ 787,779, 78R, 781,790,782, 791 $PANEL 4

802,911,803,812,805,P1l4,806,815 $PANEL S

B8264835,827.036,829,838,830,839 $SPANEL 6

850,8%9,851,840,853,862,854,863 SPANEL T
BT4,B83,875,08084,877,006,8T8,887,.0T727762 SPANEL 8
SOLID CONDUCTOR - NUMBER TIil
T11,701,893,702,893,703,893,712,893,721,893,724,893,723
T22:893,713,893,704,893 $PANEL 1
T25:823:T720,893,72T14893,7364893,745,893,T48,893,T47,+893
746,893,737,893,728,0893 ¢ PANEL 2
T49,893,750,893,751,093,760,893,769,893,772,893,7T71,893
T704893,761,893,752,893 $ PANEL 3
T13,893,774,893,775,893,784,89%,793,893,796,893,795,893
794,893,785,893,776,893 $ PANFL 4
797,893, 798,893,799,893,008,893,817,893,820,893,819,893
818+893,809,893,A00,893 . ¢ PAMEL S
B21,893,822,0893,823,893,832,893,641,893,844,893,843,893
862,893,833,893,824,093 $ PANEL 6
8645,093,044,0893,847,893,856,0893,865,893,868,893,867,0893
A664+893,857,893,848,893 $ PANEL 7
869,+893,870,893,871,893,880,893,889,893,A92,893,891,693
890.+893,R881,893,872,893,.0109890 $ PANEL 8
CONVECYION CONDUCTORS

1901+602,708+510024603,717,,1003,604,735,,1004,605,744,
1005+606,753,,1006,607,T7T62,41007,608,780,,1008,609,78%,
10094610,807,+1010,611,816,,1011,612,825,,1012,613,834,
1013,6144852,,10144615,861,,1015,616,879,,1016,617,888,
101746209 TLL+91018,621,7204+1019,622,729,,1020,623,728,
1021624975644 1022,625,T765,,1023,6264783,,1024,627,792,
102546204 800+441026462948104,1027,630,028,,1028,631,837,
10294632+8559+1030,633,864,,1031,634,873,,1032,635,882,
1033,638,705++1036,639,TL4y¢1035,640,T32,441C36,641,T41,
103?!642.759!9103306‘3|7689'1039164"777'p104°|645'786'
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$CNDO T30
$CNDOQT40
$CNDO 750
$CNDOT60
$CNDOTTO
$CNDO?80
$CNDOT90
$CNDOACD
$CNDOBLO
$CNDOB20
SCNDOAMD
S$CNDOB4C
$LNDORSO
$CNDOAST
SCNDORTO
SCNDOAAG
$CNNO3SC
$CNDO9CD
SCNDC910
S$CNDO92C
$CNDO930C
SCNDO940
$CNDO9SO
$CNDOT6O
SCNDOSTD
$CNDQIRO
$CNDOS90
$CNDLOOC
S$CND101C
$CND1020
$UND1030
$CNO10&C
SCND1050
SCNDLO6D

+893

$CND1OT0
$LNDL1QBO
$CND1090
$CND1100
$CNDLIL1D
s$CND1120
$CNO1L30
$CNO1140
sCND11S0
SCNO1LLe0
$CND11TO
SCNDLLED
$CND1190


77n.H91.7Al

‘ . Space Division
North American Rockwell

126414646, 806441042,667,813,,1043,648,831,41044,649,840," . SCNRL20C
1045,6504849,,10486,651,858,,10647,652,876,,1048,653,A85, $CNDL210
REM $CND1220

REM PRESSURE CONDULTORS USYSTEM 1) _ $CND123C
REM ECNDL24C
S0Y,5C1,502y -
S502:502:503,
503,503,504,
S04,504,505,
505,505,:506,
506+506,507,
SOT+507.508,
508,508,509,
509,5094+510,
51G+510.,511,
511,511,512,
512+¢512,:513,
513,513,514,
514,514,515,
515+515,516,
5165164517,
517+5174518,
518,518,519,
519,519,520,
520+520,521,
52145214522,
5224522:523,
523,523,524,
52445244525,
525,5254526,
$5264526,527, . .
52715164526, ) . $CND126C
REM . $CND1270
_REM PRESSURE CONDUCTORS (SYSTEM 2} $CND1280
REM - . $CND1290
520,528,529,
529,529,530,
5304530,531,
5314531,532,
532,532,533,
533,533,534,
53445244535,
535,535,536,
535+536,537,
537,537,538,
538,539,539,
539,539,540,
540:540:541,
54145414542,
S424842,543,
543,543,544,
. 544:5444545,
545,545,546,
546,546,547,
547,547,548,
540,548,549,
549,549,550,
550.:550:551,
351,551,552,
552+552,553,
553,553,554, -
554,543,553, . ) Y S$CNDL310
REM . e $CNDL320
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REM

REM
REM
REM

REM
REM
REM

PRESSURE CONDUCLTARS

555,555,556,
556,556+¢55T,
5857 ,:557,558,
653'553'559'
569,559,560,
860,540,561,
S561s561+562,
562+562¢583,
563,563,564,
G564 4564,565,
565456545668,
S664566:56T,
SHT.56T,568,
SHR, 5684569,
569,569,570,
ST0+5TCsS5T1y
STL.571,572,
G6T2:5T2.+573,
E73:573:5T4,
ST4,5744575,
575:575:576,
ST6,576:+5T77
57745774578,
578,578.579,
579,579,580,
580,5B0+581,
881,570,580,

{SYSTEM 3}

FLUEID FLOW CONDUCTORS (SYSTEM 1)

&01,=-601,602,
4602,-602,603,
603,=603, 604,
604,-606,609%5,
605 ,-60%,604,
504 ,-606,607,
607,607,608,
608,~-608,609,
609,=609,610,
61G4-610.:611,
611,-611+8612,
612,=-612,613,
61346134614,
614,-614,615,
615,=615,816,
6164-6164+617,
61T,-61T7+618,
618,=-611,4618,

FLUID FLOW CONDUCTORS (SYSTEM 2)

619,=-6194,620,
620,=6204621,
62146214622,
622,~622,623,
623,+623,5624,
6244-6249625,
625,-625,626,
6264-626,627,
62T,-627,628,
628,-628,629,
629,-629,630,
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ECNDL133ZD
SCND134C

$CND1 360
$CNDL3TO
S$CND13S0
$CNN1409

$CND1420
$CND1420
$CND1440
SCNDL450



‘ Space Division
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A53C+~630,H31,
6314=631:632,
632,-632+633,
633,-633,634,
634,634,635,
535,=635,63b,

63646294636, ’ SCNDL4TD
REM SCND1480
REM FLUID FLOW CONDUCTORS (SYSTEM 3) $CNOla9C
REM ) SCNOL1500

637,-637,.638,
638,-638,639,
6394-639, 640,
6409“660.641,
6“1?‘64[06420
L42,-642, 5643,
643'-6‘3|6‘4c
Hbdhe—6hby 645,
6454-645,6456,
6464 -6464964T,
84Ty ~64Ty548,
643.'648.649'
649, -649,650,
650,-6504651,
651,=651,652,

652.'652;653!

6539‘653.654!
E544=64T, 654, SCNDLIS20
REM - $CNDL1530
REM RADIATION CONDUCTDR - NUMBER 901 $CHND 1540
=901 e TIL w901, 703,901 ,722,901,724,901 ’ $PANEL 1$CNDL1550C
T254902, 72749024+ T4649302, 748,902 $PANEL 2SUND15&0D
TH9,903,751,903,770,903,772,903 SPANEL 3sCNDLISTC
TT3:904+ 775,904+ 794,904, 796,904 SPANEL 4SCNDESSBC
T97,905,7199,905,818,905,620,905 $PANEL SSCNDLS90
ﬂZl|906.323'906.842.906.844.906 $PANEL SSCNDL6CO
A45,907,847,907,866,907,868,907 $PANEL TSCND1610
B869,908,871,908,890,908,892,908,.229827E~-9 $PANEL 8sCND1620
REM $CNDLS30
REM RADTATION CONDUCTOR - NUMBER 902 SCND1640
REM SCNDL650
=302,702,901,723,901,7265902,747,902 _ SPANEL 1-2$CND1660
TS0 4903,T71,903:,774,904,T795,904 S$PANEL 3-4$SCNDL6TO
TOB 905, 819,905,822,906,843, 904 SPANEL S-6$SCNDLl&RC
846,907,867,907,870,908,891,908,.196995€-9 $PANEL T-88CNDL690
- REM $CNDL700
REM RADIATION CONDUCTOR - NUMBER 903 ) $CNDL1T71D
RENM , _ $CNDLT2C
=903, 7042901, 71249014713,961,721,901 $PANEL 1$CNDLT730
720,902, 736,902,7T37,902,T45,902 SPANEL 2$CND1T40
152,903,7604903,761,903,769,90) SPANEL 3$LNDLT50
776.906.T34.904‘785.904.7q3|904_ SPANEL 4$CNOLTSD
B00,905,80A8,905,809,905,0817,905 $PANEL SSCNDLTTO
824,906,832,906,B833,906,841,906. SPANEL 53CNDL178O
848,90T7T,856,9074+857,907,865,907 ) $PANEL TSCNDLT790
8712,908,880,908,881,908,089,908,.523268E-9 $PANEL SSCND1AQO
REM . Yo $CND1810
REM RADIATION COUNDUCTOR - NUMBER 904 SCND1820
REM CNDLIR30

~F08sTOS,e ¥ LeTCAy T1aTL1eM0Y0 7y Ladhie™ el Ly T$¥ANEL 1%

729,902,732,902,725,902,738,97 ", 741,902, 744,907 SPANEL 2$CND13SO
753,903, 756,903, 759,903, 762,903,765,903, 768,302 "SPANEL 3SCND1BGO
TT71904,780,904,783,904,786,904,7TR9,904,792,904 SPANEL 4SCNDL1BTO
A01,30%,804,935,807,905,61G,905,813,905,816,905 $SPANEL S3CND18SD
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REM
PEM
REM

REM
END
ACD

REM

REM

RE™

REM

o\

North American Rockwell
8254906,+829,906,831+906,834,906,837,906,840,906 $PANEL 6%CNDLBSC
B43,9074852,907 855,307 ,8584+907,4B61,907:+864,907 $PANEL THECNOD1IO9OD
273,908,876,9C8.,879,908,862,900,885,908 $CNDL910
AgA,90R, ,2TCQIGE~S SCNDLDZD

£CND193D
RADTATION CONDUCTNR - NUMBER 90§ sCNDIgaC
$CNILISC
“Q05, 7064901, T0T+901+709,901,710,901 SPANEL 1 8CNDL1960
T15:4901, 716,901, TLR,901,719,901 $PANEL L1$CNDL1OTT
730,902, 731,902,733,902,734.902 SPANEL 2$CND1IB0
T39,902,740,902,T42,902,742,902 $PANEL ?$CND1990
T54,903,755,903,757,903,758,903 FPANEL 3$%CND20OCO
163,903, T64,903,766,903,T767,903 #FANEL 38CND201C
T79,904,779,904,781,904,782,904 $PANEL 43CNODZ2O20
TRBT4906,788,904,790,904,791, 904 SPANEL 4$CND2030
A02,205,R03,9C5,805,905, 306,905 $PANEL S5$CND2B&O
811+905,912,905,814,905,815,905 SPANEL SECNNDZ20OSD
B26,9064827,306,R29:906,R30,906 $PANEL &48CND2060
835,906,836,906,838,906,839,906 $PANEL &SCND2DTC
R50,907,851,907,853,907,854,907 $PANEL TSCNDZORO
R53 ,907,86C,907+862,907,863,907 $PANEL TSCHNDZC9C
874,900,875,908,48T77,908,878,908 $PANFL BSCHND210C
883,900,8844908,08B649008,887,908,.,359122€E- 9 $PANEL B8sCHND211C
$CND212C
$CND21 3O
ACONSYANTS DATA S$CNSO010
TIMEND, 6.2, QUTPUT, 0.05
183642928934 15:4+10,5:,27 3KS IS NO PRESSURE COND PEP SYSTEM SCNSCO30
6985,47+0.0001,8,0.0001 $ WATER GLYCDL FLOW RATE
S43413,0,11,0 $ RYPASS OPTION
CONSTANTS FOR INCIDENT MEAT -~=- PANELS 1-8 S$CNSDNOGO
12991332044 515439.516983.,417482.+1844%0.+19, $CNSOOTO
20424 % NUMBER OF NODES PER PANEL $CNSOOBD
219 43T74223E-3 % VOLUME DOF FLUTID CAPACITANCE NDDES $CNSOO9D
?72:16 % NO. DOF NODES PER SYSTEM WITH CAPACTTANCE VALUES $CNSDOL00
23+3.60 $CNSOL1O
~K22 IS NO. OF CONVECTION CONDUCTORS PER SYSTEM $CNSQL20
Z24+1% % ND, DF THERMAL FLUID FLOW CONDUCTDRS PER SYSTEM $CNSO130
259 +6964444E~2 % CONVERSION FROM PSF TO PSI $CNS0140
CONSTANTS USED IN DUTPUT CALLS $CNSQLSO
264927 416428,429, STEMP,3C,192,31,701,32,+33,N0 USES
MULTIPLYING FACTNRS FOR PRESSURE CONDUCTODRS SCNSOLTO
50L9255.914502+108.265,503,108.265,504,30.57+505,108,265 $CNSO180
506,108.265¢50T+532.03,508,108,.265,509,108,265,510,65,726 $CNSOL90
511+108,265,512+10R.265:513:+49.71,514,108,265,515,108.,265 $LNSD200
516,33,.01,+517,108,265,518,1008,265,519,59.7692,520,108.265 $CNSO210
S521,108.265,522+58.0113,523,100,265,4526,10R,.265,525,36.0373 $SCNSR220
G526155.26086,52T,148.1534,528,285.9462,529,108,245 $CNSO230
530:108-265,531.30.7636.532’108.265.533'103.265.534.67.6793 ‘CNSOZQO
535,108.265:536,108.265,53T+49.71,538,108,265,539,108,.265 S$CNSO250
584)049.41T4,541,108,265,562,108,265,543,56,50T79,544,108.265 SLNSO260
545,10R,265,546,43,9479,547,108,265,548,108,265,549,59,3824 SCNSO270
5509108.26594551910R,265,552,4T,.0735,553,68.8417,554,159.40818 SCNSOZ2B0
555,29543176,556,108.265,:5574108.265,558,46.7802,559,108.265 $CNSO290
560,10R.265,561+52.0539,562,100.2565,563,109.,265+564,50.296 $CNSO300
5655,108.265,566,100.265,56T7,65.2422,568,108,.265,569,108.265 $CNSO310
S5T0+43.8577,571+100,.265,572+108.2654573,464.4363,574,100.26% SCNSD3I2D
5T75,108.265%4576,73,.8325%5,577,1008.265,578,100,2565,579,40.9204 $CLNSO3I30
5A0,6R,.8T717,581,15R.5055 $LNSO340
COMPRESSED PRESSURE CINDUCTORS $CNSOIS0
SRZo.533;.584.-585..586..587..558..589..590..591..592..593. $CNSHIS0
5943044595,7 SLNSO3T0

594,150.0 SINTTIAL SDLID NODE TEMP
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599,192 $ N, OF SO TD TEMPERATURE NIDES : - $CNS03S[0

600, 6,2

CONSTANTS 401 T 681 # &4/#P AND ARE USED IN RE NG. COMPUTATN SCNSNa1d
601 +66,82T40602:37,619,603,37,.619,606,5C.087,605,37.619 $CNSGH20
606437,6194607,50.0R7,600,37.619,609,37.619,610,50.087 $TNS0430
ALL 43T 6194612, 37,609,613,50.087,614,3T7.610,615,37.619 £0NSO44D
Fl6y 52 08T,617+37.619,618,37.619,619,50,0087,620,37,619 . $SCNSO4SC
62133Te6193622,50.C8T4623,37.610,6264,37.619,625,53,087 SCNSO460
5264504087462 ,50,007,628,66,427,629,37.619,630,37,619 SCNSCeTO
£31,50,087,632,37.619+633,37.619,534,50.0R87,635,37,5619 . $LNSO48C
635437,619,637,50.087,638,37.619,639,37.619,640,50.087 $CNSO400
B41,37.619,642,237.619,643,50.087,644,37.619,645,37.619 $CNSOS0O
455008 T464T:3T.619,64A,37.619,649,50.08T,650,37.619 tCNSOSLO
651:37,.619,652,50.087,653,50.0BT+654,50,0B7,655,66,427 $CNSOS20
656+3T0619,657,37,.619,658,50,087,659,37.619,660,37,619 $CNSCS530
561 453.08T9662:37.619,663,37.609,6664,5C.087,665,37.619 $CNSOS40
6654 3T7.619466T, i aCB Ty 3By 3Tabl . 1 3692 nn " Fqb lind: et ” $C .56 50
6T1¢37.619,672,37,619,673,50, 037 6T4¢37,.619,675,37,619 $CNSOS60
BT6,50.087,677,37.619,678,37.619,679,50.087,680,50,087T $CNSO5TO
681y50.08T,682,,683, ,6R4, $CNSO4A0
TOL,eBA03L1,702,0.47C3404,704,.042633,705,04,706,0. $CNSO590
TCTeeD62633,T08,04+709,0.,710,5.042633,711,0..712,C. $CNSO6QD
T134.0426334T1440.sT15:0.,7164.042633,717,0.,718,0. $CNSO0610
TET 23426333 72CGs049T721904+4722+4.042633,723,0.4T26,40. . $CNSQ620
725,.023644,T26,4,00232714727+.04T28T6,728,.080311 $CNSO630

7290049730904+ 7314.062633,732,0,,733,0.,736,,062633,735,0, $CNS064C
736404 s T3Ty 0426333 738,004 73990.4740,.062633,741,40.,742:+0. $CNSO6S0

Ta3y 002633, T44 400y T5,04.sT45,,042633,74T,0.,T48,0. SCNSO660
T4 4.042633, 7504049 75190e+752,5.023644,T53,.0023271 $CNSOBTO
TG4y o 00T2RT6 4755, 408031 L 75640.¢T75T9044T758,.042633,759,0, SCNS0&AQ
ToT a0, g TOlyp e 0426334762400+ TEI 304 +76%4.042633,T65¢0.+766,40. S$CNSOHI0
TOTeadB2633, 768,049 T09300¢TT0»a082633,T71204.2TT240, SCNSOTOG
TT73,40042633,, 7144004775300+ TTh4.04263%,TT740..7T8,0, - $CNSOT10
T19,.023644,7B80,+.0223271478L+.04T72876 $CNSOT20
801++802,+803, $ FLUID HEAT LOSS PER SYSTEM $CNSOTID
804,.02650238{WP/4) FOIR PANEL TURES SCNSOT40
CONSTANTS FOR GR NUMBER = (WP/&4)*{X/0) $CNSOTSO
BDS,) e 9B8F34,806,4,.T725,807,.204934,00R8,4,726 SCNSO0T40
809,.984934,810,4.,725,811,.984934,012,4.725 S$CNSOTTO
Bl3s,.9B4934,8144%.T254815,.984934,B1644.725 . S$CNSQTRO
B17V,.984934,81844.725:819,4.994934,82C,:4.T725 o SCNSO790
B2LlesR22,482), $INVERSE FLOW RATF - . SCNSOBO0

A24,+825,,026, & SYSTEM PRESSURE DROP SCN50810

827,150.,4828,150.4829,150. $ PREVIOUS TSRCE
83D, 22+ 831, 22., 812, 22. $ MASS OF KOH
A33,.73,834,.73,835,.73 $ PERCENT KOMH IN STACK
36, 160., 837, 160., B389, 140, $ TCE

839, B8S.8 $ GAS TONSTANT - WATER
840, 167, $ GAS CONSTANT H2
841,180.,0842,180, 843,180, $ VOLUMETRIC FLOW RATE
844,360.,865,340,.,846,340. $ STACK INLET TEWMP
BaT,620,.,848,420.,849,420. $ STACK OUTLET TEMPS
P5D,=.6D, B851,-,60, 852,~.,60 $ PC H20 PROD. IN STACK
53, 0.023 $ H20 PRODUCTION RATE
A56,30.4855,0,,856,C. 4 CURRENT - “AMpPS
AST, 0.01 $ ACCEPTABLE ERROR FOR RATE’
B58, 4859, ,660, $ CELL VOLTAGE

A6l, O, $ NOT USED

862, 30. $ MCP OF STACK

863, 0. $ NOT USED

R64,2,43E=3 SVOL ,FT*%3,RAD OUT TO REG COLD INLET.
B65,1.545E=2 SVOL,FT#*3,R€EG COLD SIDE

866,3.T4E~=3 $VOL,FT*#3,COND GLYCOL SIDE

-53 -
SD 70-~266



END
BCD

RET 4 4.63E-3
B86842.431E-2 t
BEI 2. 2663
BT0,160.,48T1,16C.4872,160,
RT3, 1,A76,1,875,1
BT54487T44RT78,
B79445+880,.5,881,.5
B82,130,+883,130.+8R4,13C,

ARG, .95
BR6,,887,,8R8, $INVERSE
AA3,0.25 $REG DELAY ADY

B20,100.+89L,100.+892,100.
893|l?50'894'175. '995'175.
835,175.,897,175.,892,175,
899,100.,900,100.,+901,100.
IC2,1.+90341.49904,1.

905, 990544907

EViL,FT#23,C0ND OUTLET TO REG.

Space Division
North American Rockwell

o\

INLET

+FTHx3, SECONDARY REG HOT SIDE
$VOL -FT*%3,REG,

TO RAD TNLET
$TCE, PREVIOUS TIME STED

$INTEGER POINTFR FOR SFC BP WLV

£  TEMP COND INLET

$SECONDARY RYPASSED FRACTION

$SEC REG COLD QUTLET

$AYPASS FRACTINN CUTOFF VALUE

FLOW RATES
FACTOR
$REG COLD STIDE INLET
$COND GLY OUT TEMP
$SEC REG HDT STIDE INLET
$SEC REG HOV SIDE OUTLET
$ [INTEGERS USED FOR DO LONPS
$ INTEGFRS USED FDR BY PASS

SCA,150.07,909,150.07+91C+150.07 ¢ COND GLY INLET TEMP
911, 1. $COND HEAT QAL TOLERANCE

912,200 $ARRAY 1C

913,199 SARRAY IC

914,20 $ARRAY (L

915,40 $ARRAY IC

916,430 $ARRAY IC

9174+,918,,919,

D259 TTu29,920 2 TT.294922477.

9234492444925,

92644927 +928,
Q9294993344931
93254933, 4934,

0315, 4936449237,

4] 5494291943,
94“'700’945'700tqhﬂ9?0.
G4T,D.00257
948,5772,.79
249,6824.42
350+0.2
951, 5.
952 ¢)
953,1.0
954,042
955, 19564 ¢95T
9533.959!!960!

61 40.5+962+0.54963,0,.5
9644530,

965,530,

Ga6,0.48

6T,0,.06

968410049969, 100.,,970.,100.,
9T1,100.4972,100.,973,100,
0T443 49754976y

JARRAY DATA

1 $ DENSITY OF GLYCOL~WATER

POMER - WATTS

H2N SPECIFIC VOLUMF
PERCENT BY-PASS PRIMARY
STACK EXIT PRESSURE
PERCENT XOH

H20 PRESSURE

ENTHALPY OF STEAM
INITUAL PRESSURE
INITIAL SPECIFIC VOLUME
AMBIENY TEMP DEG F

H? PRODUCTIOUN RATE
SLOWER HEATING VALUE, H2
SHIGHER HEATING VALUE, H2
SERROR FOR STACK [INLFT

29

LI K IR

SINITIAL COND TEMP INCREMENT
SINTEGER [NDICATOR FOR COND IMBAL

-4600.75.09"500069054.‘40.ibqo‘.“3°¢.69025!-200.6qol
“154068.93404468.T60104+68.58,20.+68.4,300468.2,40.,68.1
500 sBTeBI 60016789 TD0r67.%3480.46Te22,90046T2100.,66,78
113.’66.56'1200'66034'l30.f&btlll‘°0'65l85'15°t.65061
1630065035!1700'6501l1800t6‘n8‘.190.'64.57t2°°o!6~-23
250.962.794300.+61423473504459.614+END
4 $ CONDUCTIVITY OF GLYCOL-WATER
-460.'.2279.-50.r.2279.*40.u.2279.-30...22?8.-20...2277
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$ERROR FOR HEAT BALANCE

$ERROR FNR STACK TNLET TEMP

SWATER CONDENSED~-LB/HR

$5TACK WATER STORAGE RATE

$ SEC AP VLV STAY POS

$ 02 INLET TEMP - DEGR

$ HZ2 INLEY TEMP -~ DEGR

$ 02 FLOW RATE - LA/HR

$ HZ2 FLOW RATE - LB/HR

$ 02 REACTANT TEMP TO STACK

$ H2 REACTANT TEMP TO STACK

$ FLOW RATE FIX-UP
LCNS51050
$ARROO10

LBM/FT=e3 $ARROOZ0
$ARROO3C
S$ARROD0
SARROOSO
$ARROCHD
SARRDOTO
$ARROCORO

BTU/HR*FT*F $ARROCI0
$ARRO100



‘ Space Division.
North American Rockwell

-lO-t-2275tC-vo2273o10.;.2270.20...2266,30.,.226?.40.;.2258 $ARROLLC
) 50-'02252l60-o.2246'73-fo2240t30.302233t906o02225c1000'02217 $ARRJLZ2C

11249022089 1200 9021794 130,442189,1404,.2178415044.2167 $4RAL) 3G
1606215631700 94214318044 42130,190.44+.2117,200,4.2103 $ARROLaC
340 ,.941B44,END $ARRGLSC
3 $ SPECIFIC HEAT F GLYCML -WATER GTU/L IMF $sARACLGE
=400 a1 e 0331 =0C 00 sbL0 4404446184 =30.0+631,-20.4.643 $ARRCLTO
=13 raB55¢00 s 66641040 eb6T7420, 94688430, 9.69840.4,T708 $ARRACIAD
Sl s e T1B 4600 o T2 4T 000 aTIT 4RO p o T4 T00 e TH44100.4.762 $ARROL90
11D ey e 7703 1 20 e 0 e 7T 7513044 e 7844 16400y o721 415004 T97,1604+.803 $ARROZ00D
1790!'*309!1300'-81"'1900. .319|2000| .82‘0'230...3‘! SARROZIO
270492806431 0.,.B784END $ARROZ1T
4 3 VISCOSITY OF GLYCOL-WATER £-3 LBAM/FT®SEC $SARRCZ220
~4500 95000004 ¢~5049245,4=40,9135,4~30.9R0.4-20.,51.9,4-10. $ARRO23D
344300026451 104916.5:20001242330039.3,440.4T4345C.45.75 LARRC240
6 s @eb53 70093, 75:80.33.05,90,92.5841004:+2.08,110.,1.87 $ARR(CZ5D
123 e sl o6l 413000 00eld40.400225150u03)ellslbGesi9641T0.4486 $AQRO260
1B e 1 e 77419049 469420044.625425044.406,4300,4+.303 $ARRO?TC
353.3<2164END . EARROZ2T!Y
5+SPACE+284+END $ARROZRG
6,SPACF,23,END : $ARRQ290
71SPACEL28,4END ' $ARRO300
AsSPACE,81,END $ARROALD
G,SPACE.S4+END $AAR0AZ0

1) $RYPASSED FRACTINON -- SECONDARY AP VLV-ASCENDING TCE

1570 '0.0' 15?025'001659 15705100245i157075!003' 1580"0.3“

158.25+0+308,158,5,0.414158.75,0.43,15%,,0.445,159,25%,0.456
159.5904479159.7540,4T49160,40.484160.25,0.485,160.,540.49

160 ,7540.493,161,90.498,161425+0.5:16125+0.51,161.75,0.52

162.90.4534,4162.25:04+5554162.5,0+5B¢162.T7540.615,163.,8.,65

163.25,0.7131634530.84163.75,0,9354164,41.0,END

11 $#BYPASSED FRACTION -~ SECONDARY BP VIV-DESCENDING TLE

156490.00154.2540,125154.5,0.1954154.75,0.255,155..0C.31

155425904365, 155.540:43155.75+40.4259156.40.44,156,25,0,457

156.5+0,86T3150.75¢044T75,157.0,0.48+157.25,0.49%+157.5,0.488

15747504924 1584+40.5,158.2540.5064158.5,0.512+158.75,0.522

159,4045359159.254045544159.5,0.58,159.7540.62+160,4,40.665

160.25¢0T44160,5,0,8B4160.T75,0.944161.41.0,END

12,.,145%833,,125000,.145833,,332031,.171347,.227875,.227875 $ARRDISC
T o lT13AT, 227075, .227075+1TL347,.332031,+.332031,.171347 $ARROIASO

w22TOT5,. 227875, ., 1T1347,.227875,.227875:+.1T1347,.332031 SARRO3ITO

«145833,.,125000,.145833,END : $ARR0380
REM THE FOLLOWING ARRAYS PROVIDE FOR VARIABLE INCIDENT HEAT FLUX $ARRQ390
13 $ INCIDENT HEAT FOR PANEL 1 -~ BTU/HR FT#»2 $ARR0400
0¢30407.0990.05415.6T7+C210¢23.9040.15431.45,0,20,38,00 $PANELI
0025+143430+0.30447.13,0,35,49,33,0.,40+49.81,0.45,48,55 - $PANEL]
0050945.6000.55181.09+0.60435.2050.65428.1640.70,20.27 SPANELL
0.75,11.84,0.80,97.09+1.55,07.09,END $PANEL ]
14 $ INCIOENT HEAT FOR PANEL 2 - BTU/HR FT##2 $ARR0420
0.00¢00.2740.05415.53,C.10930.2650.15¢43.73,0.20+55.43 SPANEL2
0:25064.88¢0e309T1a71900e35+75.63,0.40+76.48,0.45:74.24 SPANEL2
D450¢68.98,0.55460.94404,60¢50442+0465,37.86,0,70,23.77 SPANEL2
0.75408.74,40.80400.27¢1.55,00.27,END ' $PANEL2
15 $ INCIDENT HEAT FOR PANEL 3 - BTU/HR FT##2 . $ARRD440
0+00400400,0405,16.8200.10,32.96,0.15,47.7540.204+60.61 $PANEL3
0e25+71.0040430:78.5000435,82.8140.40+83.75,0.45,81.28 $PANEL?
0e50¢75.5140.55166,66¢0,60¢55.1140,65+41,.31,0.70,25.83 $PANEL3
0e75409431,0.80,00.00¢1.55,00.00,END SPANEL?
16 $ INCIDENT HEAT FOR PANEL 4 = BTU/HR FT*s2 $4RR0D460
0¢32+408.91,0.05,16.244C410,23.27,0.15¢29,74,0.20435.34 $PANELS
0425939488,0430,43415,0435,45.,0310.40:45444,0445+44,36 $PANEL4
0e50¢41.8440.55437.%9,0.60,32.9440.65,26.93,C.70,20.18 - $SPANEL4
0e75¢12.97,0.80508,9141.55,08.91,END $PANEL &
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17 & INCIDENT HEAT FOR PANEL 5 - BTU/HR FT*%2 + ARG AD
Cad0032.3740405,35.4140.10439,3240.15+41.0040.20,43.32 SPANELS
Ce?5485.2040.30446.5640035,4T434,0,40,47.5140.45,47,06 $PANELS
P50 46.0240.55,40.4140,60,42.3340.,65,39.83,0.T70,37.C4 $PANELS
0eT5134.0540.80,35.82+¢G485+443435:40.90.32.3741,45,32.37 $PANELS
1oSC+4C.T6,1.55,32.3T4END $PANELS
1A ¢ INCEDENT HFAT FOR PANFL &6 -~ BTU/HR FTx%2 $ARRGS00
D.00va9, T1eCe05,54.3840.10,58.8640.15,62.97,0,20.66,54 $PANELG
B.25¢69,42,0.30,71450¢0435572.7040.4C+T72.9640.45,T72.28 $PANELS
0.53:70u67,0.55,6R.22,0.60,65.0140.65,61.18,0.70,56.48 +PANFLS
GaT5552:2930480,56,5440.85,T14%T90.90,4%.71,1.45,49,71 $PANELS
150 366434,1.55,49,T1+END FPANELG
19 & INCIDENT HEAT FOR PANEL 7 - HTU/HR FT#%2 $ARRDS20
LedFs56,T440.C5,62,0840.10,6741990.15+71.88,0.20,75.95 $PANEL?
Ge254T79,.25,0.30,R1a62+0.35,82.99,0.490,83.29,C.45,82.50 $PANELT
0s50+80.6T4 055, T7e8740.60,T74.2140.654+69.84,0.70,464.93 $PANELT
0475459,69,0.080,6%4.6040.85,B81.75,40.90,56.T4,1.45456.74 SPANELT
1450¢75.8641.55:56.T44END $PANELT
20 % INCIDENT. HEAT FOR PANEL 8 ~ RTU/HR FT##?2 $ARROS40
Cs0C93148L40.05+38,8040u10,37.66,0.1%+40.29,0.20,42.57 SPANFLS
0e25+44,42,0.30,45.75,0.35,46.52,0.60,456.68,0.45446.25 SPANELS
CeS5GCr85.2240455543.65+0.60441.6040.65,39.15,0.T0:36,40 $PANELA
0.75433.4650.80,35,1340.85,42.39,0.90,31.81,1.45,%1.81 $PANFLA
1.50+39.9041.55,31.81,END SPANELR
21+ SPACE+564,END $ARROSHD
22+SPACE,B]1,END § REYNOLDS NUMBER $ARROSTO
23,SPACE.B1,END $ARROSARO

2% SRELATIVE ENTHALPY OF GLYCOL-WATER,BTU/LPAM
~4604+0.09-50.9131.09=40,413T.12+-3C.»1%3.364-20.+14%.73
-10.:le.ZZo0.0.162.83'10.o169.5¢.20-.176.37.30.o183.3
4C.9190.033,50,40197.646960.0204.69,T70.4212.01,80,4+219.43
90412262934 10044234.50+110.4242.17¢1204+269.94130.,257.71
140.9265.58,150,4+273.52,+160,+281.52+170.,289.58,180,,297.7
190,4305,86020044314.08,23044+339,04,270.+373.04,310.,407.8
END

2545PACE,+ 4B, END $ARROGGO
26 $ DD LOOP INDICES -~ INITIAL VALUE

Ceaslanbe2y1lerEND

2T & DO LOOP ([NDICES ~ TEST VALUE

Oavlasbe2ylaEND

28 $ DO LODP INDICES ~- INCREMENT

00'1006.2'1.'END

29,SPACE,10+END £ NOT USED

30,SPACE,10,END $ NOT USED

31,SPACE.104END $ NOT USED

32.SPACE,10,END 4 NOT USED

33,8PACEL10,END $ NOT USED

34+ SPACEL10,END £ NOT USED

35 $ BYPASS OPTION - SYSTEM )

OerDasIels0uas3l0141046.241.4END

35 $ BYPASS DPTI”: - SYSTEM 2

CesDapba2y0.4END

37 $ PBYPASS DPY ™M = SYSTEM 3

0s40e06.240.4END

K} ] L 3 HEA| TRANSFER COEFFICIENT - AREA TERM

1191145004 =20090492001400+60.980.4100.41204+140.4160.,180, $TVAQOOL
1206020941243 44265492R89.4318.0345.337T7040.900404+0. $TVYAD0O?2
1304020549238, 4258.0281.4308.4333,,362.44064,,04,0.,0., $TVASO0Y
140 49202.9123844925349275093004+3234435044387440.40.40. $TVADQO4
15040199:+42304424840269.9293.4315:+339, 437444408, ,0.40. $TVAOQDS
16300 197002270 02804.426%,,287.¢3074+33041363.,395.404,0. $sTVAQOOS

17300195410 229019241492604¢282.4301.44323.,4353.,383,,417.,0. $TVAQOOT
lGO.o193o.221..237.;256.o276.|295.'315.o344..37lou‘OQ.oD. ‘TVloooa
19 e o 1904121804 2340925144272.4209.,308.4335.,3601.4391.,417. $TVAOO09

- 56 -
8D 70-266



‘ ' Space Division
North American Rockwell

200,480, 21644231.4249.4268.,4285.4303.,329,,354.,381.,406. $TVAQOILC
2134418904 216442304+249,026B44284.4303,,+329,4354.,381.,406. STVAQGLI
223 s LB Tev2142422949245:9264%092004929041+32344346,9372.4395, $TVAQQL2
ll.ll.55..-20..9..20..60.'60.'80.;100.-120..140..160..!80. $TVADQL3

122.522349263432087 0931249342443 73:4%09,.404904404+0. $TVACQOLG
1300422092584 e2800430%403324+360.¢393.44234,,40.,0..:0. "$TVAQOLS
1404420604254 92754923Ta932309349,43800+41T0as0us04eCo sTVAQDLS
1504921301 250492700429001316.434044369.,403.,430,,0.,0. sTvadGl7?
160092110 124001265.0205.49309,4332.4359.,391.442304C440 $TVAQQOLA
1704420049263 44262,+42B8Llav3084,4325,.4351+30L,9411,,449.40. $TVaQO1?
Al sy 206.4260,19258,427641298,4319,43463,,3T71,.+399,4+435,.0. $TVAGQ20

1904920340237 40254, 42724429304313.4335.,+362.:388.4421.4+452, $TVAOC2Y
200 ,40202.4234.425144269.42089,,2308,+330.43564938144412.+%41. $TYAQD22
210.+202042344+250.426940289,4308.433044+35%5.+380.,411.+440, $TVADDZ2)]
2230¢2004923244248492654428544303,441324.439844372.4402.442%. STVACC24
10 el b0 a o =204000 20,4809 6044B804,100.9120.4+140.4160.,180. sTVYAGD25

123042404 028544310.933%49365.,390.34304¢04+04+40.440. ) sTVAOQD26
130242364 +2794+4303,4325.5356,,4386,44214+%462..+0.404.40. s$TVAQQ27
1430'233ct27‘l’.|'2960'318-.365.'3?3. '407. 944‘00 tO.'O. !0. ‘TV&OO?R
153002300!2700'29100 3110l3370_'3630’395.!4290'4{)7. ,Oc .O. STV‘OO?Q
1644227442664+ 286443064+330.4,355.,4385.+4174,452.,0.,0. $TVAQO30
17040225¢9263.428249300109326,4368,,376.,407.,439,,478,.0. $TvAQO31
IR0 a9 222492594 42TBar29609 3194341403600 3760.4426.,463,,0. $TVAQO32

1904422002564 ¢2T4e 92924931 344335493060.+387.4415,,449,,483, $TVAQOI3
2022180325304 2T1a3280,:,30%:4330.4356.,300.540T7.9439,.4472. $TVADOD34
2104221043253 4270a+28Res309.93300+354.432380.,%406.403%,,470. $TVADO2AS
2200421640252 0926R.428549305. 5325, 4340844372.,398.,429,.459, $TVAQD3s
114114654920, ¢0.420.040.960.+80.+100.+120.49140,,160.+180. $TVAQQ3IT

1234425613054 933 e 354,3385.482)1 4446244 C49044+044+0. . $TVAQDAS
1300425204299 44324, 434543 74.+440T.4445:,408,.,0.40.4+0. $TVAQQ29
143-92480'2940'311.'33Bof364.g395.0430-uﬁ?ﬁyoﬂ.pﬁ-oOo $TVAQQSD
15049245:028901311.333 0435649385, 418as45%,45%494,,0.,40. $TVAOCA L
160¢02%2042850¢3070 932544349337 T4000Bey%42.96TT41+0440. $TVAQCS?
1704424004201 433024332009 343.+369.,399.4431.44065,4505.30. $TVAQD4LS
19342374278, 3299,.3315.+337.4362.3390,,420.+452.3489.,40. $TVAQOGS

19) e 9234042 T00929%%. 331000 33100355.438249410.+440.44T4es511. STVAODGS
200 e923344272¢029 s30T ee327.+3504+376.+4403.,432.,464.,499. $STVAOO4S
213092324 42T20929)0¢30644327.4350443T64+4034,431.,464.,4%98. $STVADQLT
2204923104269+ 287493030+323.4345.9369.9395.4423.4454.44%06. STVADONAR
lloll,TO..-ZO..O.:ZO.:‘Oo'éoaoBO.olOG.olZO.01400.160.'180. .$TVAQOR9

120, 9026609322434350093T340803, 484481, ,484.40,40.40.,0. ) $TVAQOSO
. 133.'2620'315.' 3‘3.'36‘-'392. .“27. "67."512. '0. '0- 7_00 STVAOOSI
14092580 ¢ 30001336, 3%604382,.08]15.:452.4493,,0490.,0. STVYAQQS2
1504925501 30649330043349033T49.+4405.9439.547R4452)4+40440. $TVAQDS3
1630'2520.301&|325.i34301367ot3960pQZR-'6655.505-f0.’0- S$TVAQOSY
170 028940298443 2040 033 720+36009309,.,3419.4453.+491.:5294+40. sTVADOSS
180090247 0929%4.931601332,.¢354,038Le90100¢842444TT7.4513.¢0. $TVAQOSSE

190 .4248.42900430100432T4e348.33T0,360)u9032.,465,,498,,536, $TVAQODST -
2004926204287 04308, 4328, 3044436945395, 44254¢456.,34088,.4524. $TVADDSS
2100024200280 s 300,9323033806,,36B,4395,0024.4456.,4487,,523, $TVAQQS9
220042404+ 284.4305.+32009339.9363.4389.,54LT.¢44T.04T7.,510. $TVAQDGD
Llell 7592001042203 %0.9600480.4100,4120.4140.,160.,4180. $TVAOQS]

1204+¢206629334.4306.¢389.94820. 44604450444 0a304¢0440. $TVACOG2
130.4206249328.4358.43T79.0408,:6446.468644535.,0.+0..:0. £TVAQDSY
143.925809322.03510037049390.4833,4870445154404404,40. $TVAQOLA
150 es2954 1 31T 385, 3360, 390. %823, 4458, 48499, ,:546,.430,,0. $TVAQQDSLS
160442520+ 31303340.3350.¢3R3, 30 14,,447.,486.:529.40.,0. sTVADOGA
17 0a02504030%49335:635300376: 0806444370 v4TH,.4515.4552.40. $TVADOST
180 e 224 Te2 305093304934 T003T7009399, 428094634501 .+536440. $TVADOSLS

190.4245.93000432609342443644939149919.4452,+488,4520.+559, $TVADO69
20049283 .92994+4322:43384435%, 43864481 341445.44TF.,510.+546. STVAQOTO
210.4243,.3299.4322.0333844359. 4386, +%413.5445.,479.,509,,546, $TVADOTL
22044241 0929644319, 4334,435444380.4406.4437,,469,,498.,533, STVAQOT2
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11114820 9~20e9Ce1200980,360,480.,41004412C.4+140.4160.,1RC. $TvagGT)
1209425604330 437644401 s34, 34774452243 CesCes0a,s $TVACCT4
13049250 04333.4308,03924+423,49463.,4504245554404+C0400 $TVADRTYS
14,924 423274930l ep388,,4134:45C01488,,35364¢C+304+Co sTVAQOTS
1504026409322+ 355403 77, 4408.,4439,.,475.4519,,568.40.4Ca FTVAQOTT
160402424+ 318.3350, 4370403974 49430.+460,3506.4552.,04,40. LTVANCTR
170492394431 404365,4365,53904+42241455:39944453T44574,,0, +TVAQOTR
190.+237443104+340. 4359, 4304, 4415.4445,448344523.,+557.,0. $TVAQQRO
1954323540 30T09336443540 e ATR. 1807004364447 2,,510.4542.4581. $TVAODOCA]
2004923343304 4¢3330435044373.940244%43049464.,5014,531.,56R,., $TVADOR2
2134420309304 1332.035049373.5400e+4304+4464.,4500,,530.4,4567, $TVAOGA3R
2204223 as30149329. 4306404368, 3396,94234,4505.9491.,519.4554. $TVAOCRYS
114114854 =2009044204+40.+460.480,,100,,1204,140.,160.,180, sTVACOBS
1204923003335 08B0 ¢4 104070 0493005400 puee0ee04e:0, $£TVa0084
130492274 43290937 204401044364+ 478.,521445T4es0.40.,0. $TVACDART
16049022441 324443085.19393.442604465.45060155522C+00.40, $TVAQCRHE
152442224931 %23359,. 43054461 744854.94892.+538.4589.40.,40. $TVAODARY
163032204931 509235444379,,410,4445,+4814+524.4572.,0.,0. $TVAQOSD
L17340208.9312.53500 374,403,343 7494710051 245574,+5%96440. $TVADC91
1R 9216443098, 4365.4369,,39T4:2429.9462,.,4501.45463.,579.,0. $TVAGC9I2
1934521529305 403404 1363043900, 422.1945345490.¢529.+563,,603, $TVA0Q9?
2030'2130!3c2-!3370l359.'386. Q‘f].bo0‘0670"0320|5200'5520'5900 STV&ODQ*@
2[30'213.,302-'337.‘3590| 3850.‘0160.‘1‘46..4820.5].0-.'552-’589. SY\J&OOQS
22041212+4299.4334.4355,438).4410.,439,,473,,510.,540,,580, $TVAQQ9S
1101149049 -2009Cus2Ce 1404460498043 1C002120.,140.4160.,180, £TVAQOOTY
1200419943223 7T e 414, 4459,,450744558.40.40.4C.4C. $TVAOGIS
13040097 . 031 T 37002405, 4607000920453 9419592440a490C440. tTVACO99
14049194, 13124193634 4397,44437.94T79.,4523.,4572.40420.4,0. $TVYACLOO
1504919344308+ 43584:3904242849458.,510.:556.2606.+0.50a LTvao101
16044191 e93054+353.¢384,,42144459.44899,4542.1589.4CQ440., LTVAQLG2
ITOI".QOOO3010'3"3..3700'4140.‘05‘-,489..530.05?4.!6[3. |0. STV&O[03
18042 1R9. 3298, 9304. 33T, 4400, 4443,4479.4+510.356C.+601.44G. $TVACLO4
190 e v 1B T2 0295443604 9369.p40100435.44T0.450T.+546.,+585.,626, +TVAQLCS
233.;186.,293.,337..365.,397.,43P..463.,GQQ..SJT.,STé..613. STVAQLGS
21044 1R6, 42934y ap 3 L 39T 44 s HE 2. Jer S i,y s 1t $Tv DuLGi
2?30'135.gZQOo’333oo361.o392..424..456..490..527..562..598. $TVAQLOR
END

39 $ SPECIFIC VOLUME OF STEAM - FT*%3/L8M
130.004157.34,132.00,149.66,134,00,142,42+136.00,135,58

138.004129.124140.00,123.00,042.904117.23,144.00,111.77

146,00+106.6C+148.00,101.71+150.00, 97.07,152.00, 92.6%

154,006, 88.524156.00, B84.58,158.00, B0O.84,160.00, 77.29

162,00, 73.92,164.09, T70.73,165,00, 6T.69,168.00, 64,.8C

1TC+00, 62.C641T2.00, 59,455174.00, 56.97,176.00, 54,61

178,00, 52.37,180.C0, 50.23,182.00, 48.19,184.00, 46.25

186.00s 44.4C4188.00) 42.64,190.00, 40,96+192,00, 39.36

194,00, 37.83,196.00, 36.37,198.00y 34.97,20C.0G: 33.64

202400, 32.37,204,00, 31,154206.00,s 29.99,208.00, 28.88,END
40 $ SATURATION PRESSURE OF STEAM - pSIA

13C.00y 2.224132.00¢ 2.34,134,004 2.47,136.00, 2.60

138.00s 2.744140.00, 2.89,142.00+ 3.064,164.00, 3,20

146,00, 3.36,148,00, 3.54,150.00, 3,.72,152.00, 1,91

154.C0, 4.10,156.00, 4.3141%58.,C0, 4.52,160.004 4.74

1&2000! 4-97'16“.00' 50210166000' 5046.163.00' 5.72

L70.00¢ 5.995 172,00+ 6.72¢2174,00, 6.56,176,00, &,.,A7

178.00+ 7T.16,180.,00, 7.51,182.00, 7.85,184,.00, 8.20

186,00 B8.57,188.00, B,.95,190.00, 9,34,192,.0C, 9.7%

194,00, 10.17+196.00, 10.61+198.0C, 11.06,200.00, 11,53

202430y 12.01,204.00, 12.514206.00, 13.03,208,00, 13.57T,END
41 $ CURRENT -~ AMPS - SYSTEM 1
Cer3CavIel1IV4934101¢25.46.2:25.4END
42 $ CURRENT - AMPS - SYSTEM 2
Oueles6.240445END
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43 £ CURRENT - AMPS - S5YSTeEM 3

GesCarbe2sD.4END
“h

‘ Space Division
North American Rockwell

$ PARTICAL PRESSURE DOF WATER IN STACK - PSIA

Bt 0055' 0.60[ 0065’
35040y 27.0, 15.0, B.0,
3_?0.0' 36.0' 21.0' 11.4'
43%.0¢ 4740y 29.0, 16.04
420-0' 6loOt 380Gt 21.4'
"QG.C-. 79.0. 51.09 29.0!
460.04102.0¢ 66,0y 38.0,
48G.0,128.3y B6.0, S50.0y
500.0+180.04+104.Gy 65.0,
S2C.04+200.0,134.C, 83.0,
S4C.09250.04170.0+104.C
560.C+316.0,210.G+130.0,
580.0,380.0,260.0,16C.0,
630.0’47000l320~¢0I19500011300' 60-0'

45 t ENTHALPY OF SUPERHEATED STEAM «
152097' 170006!

5! 126.08'

20040, 1150.0,
220.0, 1159, 1
245 .0 1168.2,
260.04 L17T.3,
280.0C 1186.5,
30040 1195.6,
32000'_ lZOG.ﬂt
340,0, 1213.9,
360.0. 1223.ll
38G.0 1232.3
40004 1241.6,
G664 SPACE, L4 END
4Ty SPACE. 30,END
4By SPACE,30.END
49,SPACE,60,END
S0+SPACE, 199 .END
51+ SPACE,204,END
S2+SPACE,204+END
53,SPACE,20,END
54 4SPACE 200+ END
55, SPACE+2004END
S56¢SPACE,200:END
ST+SPACE,200,END
58,S5PACE,200,END
59,SPACE,200,END
&0,y SPACE,&404END
61, SPACEL+40,END
62+ SPACE,40,END
634 SPACEL 200, END
644 SPACE,200,END
65, SPACE,200,END
56 ¢+SPACE + 2004 END
674 SPACE,200,END
68, SPACE,2004+END
69, SPACE, 2004+,END
TCeSPACEL20CEND
T1e¢SPACE200,END
T2»SPACE200,END
T3,SPACE.200,END
T4, SPACE 200, END
T5+S5PACE,200,END
T6,SPACE,200,END
TT+SPACEL20C+END
T8,SPACE,2G0,END

115492,
1158,5¢
116706'
1176.8,
118600!
1195.2,
120444,
121306!
1222 .8,
1232.1»
1241.3,

$SENTHALPY
$SAVED TIME STEPS

0.70s 0.75
3.?' 106’
S5.6¢ 2.4y
8.0! 304'
lOoBi -ﬁoai
1‘!.60 6.-()’
19.0' 8.9'
25,0, 11.9,
32.5 19546
42.00 2006!
55.04 2745,
7000’ 3600'
89,0, 46,0,

1148.3,
1157.7,
1167.0,
117643,
1185,5,
1194.7,
1204.0,
1213.2,
1222.5,
123t.0.
1241.1,

SRAD OUTLET TEMPS

L] 0.30,
CaDy
1.0,
Lets
l.q'
2+7s
3.6!
‘f.gf
603!
B.4y

1143,
15.04°
20.0,
27.09 l

182.86,
1147.5+
1157.C
1166.3,
L175. 7,
1185.0,
1194.3,
1203. 6,
1212.9,
122242
1231.5,
1240.8,

SLYCOL-WATER VS

SSECONDARY REGEN COLD TNL

.
o
o 3

0.85,
Gu0y
DOy
0.0!
0.0'
IOC'
I03.
10?!
2-2!
3.0!
402'
Soqt
8.0,
CaTy
BTU/LBM
193.2}
Lt46.6
1156.2
1i65.7
1175.1
1184,5
1193.9
1203,2
1212.5
1221.9
1231.2
1240,6,ENN

-

WNMNH= OO0 030000

LR I R I I I R R I R

- D= NOO0OOQO0O0ODO OO

-
il
-
o}

TEMP

ET TEMPS

SSECNNDARY BYPASS VALVE POSITION

$GLYCOL DUTLET TEMPS FROM CONDENSER

$SECONDARY REGEN HOT INLET TEMPS

$SECONDARY REGEN GAINS,

SYs 1

SSECONDARY REGEN GATNS, SYS$ 2

$SECONDARY REGEN GAINS,

S¥sS 3

$SECONDARY REGEN COLD SIDE DELAYS
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‘ Space Division
North American Rockwell

T9,SPACE,200,END

A0, SPACE,200, END

Bl.SPACE,204END $SECONDARY REGEN HOT NUTLET TEMPS

A2y SPACE, 2C+END

83,5PACE,204FEND

84 $ SYSTEM FLOW RATE VERSES RAD PRESS DROP
DO'BROO' 50’84.7' 100’8105! 150'7802' 20.'7500' ZSOQTIOT
A0.+680%9 35,965.2y 40.961.99 45.45B. Ty 50.+55.4y 55.,52.2
6Des88.9, 65,4456, TOu942.4s T5.439. 1, BCLr35.9s A5,.4,32.6
930!2903' qs..z&-lf1000'22083105.'19.6.1100'16031115.!1300
120e4 %a85125e¢ 6.5,130. 3,34+END

END
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‘ Space Division
North American Rockwell
MAIN PROGRAM LISTING

BCD 3EXECUTION

COMMONZALPHA/ WH2026(3) F
COMMON/BRAVD/QCOND (3}, DMASSIY), WTH230(3) F
COMMONZCHARLEZJoe My N F
COMMAN/DELTA/ TNDEX) F
COMMON/ECHO/ TPOINT F
DIMENSTON X(10C0) F
DIMENS{ON XK{1) £
FOUIVALENCE (XK{L) K{1)) F
NDIM=102C £
NTH=Q F
SCIDEPIAG,KL) $SCALE VISCNSITY
SPLIT{K2,AL+1+A5+1,A6+1} SSEPARATE DENSITY FROM TEMP
ARYINVIKZ ,A6+1) SINVERT DENSITY
JOINUK2,A5¢1,46+1,A1+1) $ INVERSE DENSITY V§ TEMP
SPLITIK2,A2¢1 A5¢1,A6¢1) S$SEPARATE CONDUCTIVITY FROM TEMP
SPLIT(K2,A3+1,A5+1,47¢1) $SEPARATE SPECIFIC HEAT FRUM TEMP
DIVARY(K2,A6+1 ,AT+1,AT+LISCONDUCTIVITY / SPECIFTIC HEAT
JOIN(K2,AS5+1,AT+1,A21+1) SCONDUCTEVITY/SPECIFIC HEAT V5 TEMP
SPLIT(K2,84%1,A5¢1,A6+]1) $SEPARATE VISCOSITY FROM TEMP
ARYINVIKZ,A6+1) $§ [NVERT VISCOSITY
JOTNIKZ,AS+1,A64]1 ,A4+1) SINVERSE VISCOSITY VS TEMP
SPLETIKOLG,A24+)1 ,A4T+1,A40+1) $SEPARATE TEMP FROM ENTHALPY
JOINIKD16,A4R+1,44T+1,449+¢1) SENTHALPY VS TEMP
REM
REM DATA ARRAY [S NOW IN PROPER FORM FOR PRNGRAM (SAGE
REM
REM THE FOLLOWING TNLITIALIZES THE ENTVIRE SOLID TEMPERATURE
REM NETWORK TO CIMPENSATE FOR VARYING [NITIAL CONDITIONS. THE
REM TEMPERATURE VALUE IS INPUT AS CONSTANT NUMBER KS98,
STFSQS (K598,K599,T701)
IPOINT = 1 F
INDEXL = O E
J = XK{398) + 0.0001 F
M = XK{399) * 0.0001 £
N = XK(4001 + 0.0001 F
DO 100 [ = Js My N ¥
WH2026 1) = (XKI[ & 325)/XK(I + 328)) - XK{(T + 325} F
120 CONTINUE F

REM*#%«*BEGIN INITIALIZATION OF SECONDARY LOOP COMPONENTS##s=a
REM FIRST INTTIALIZE CONSTANT LOCATIONS )
NO 110 [=JeMyN : F
REM INITIALIZE SEC BP VLV STAT POS TO INITEAL DYNAMIC VALUE
XKL T+4561=XK{ 14374
XK(T+365=XK(T+331)
RYEST=XK{J+331) ,
DIDEGI(RTEST, AL, TYEST)
XKL{T#3T74)=TYEST
XK{T+#38L)=(2. /XK(I+5))
REM SET REG HOT INLET = COND GLY QUT
110 XKi1+391}=XK{I+388) . F
REM SET REG COLD INLEY = RAD OUTLET .
STFSQS(T618,1,K890)
STFSOSITHIS,1,K891)
~ STFSQS{T654,1,K892)
REM TIME STEP
STFSQS{.002,%X913,A50+1)
REM NOW SOLVE SYSTEM IN STEADY STATE _
DO 30C I=J,MyN F
TFII-2) 120,130,140 F

mTm

mm
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12r

133

145

147
150

155

160

165

170

290

O30EGL(KAID,KBIH,KE,AID,ATEST)
DIDEGI{KS90,A3,S5TEST)
DIDEGLIKB964+A3, TTEST)
6N TO 145
DIDEGLIKBIL4KBIT KT ,A38,RTEST)
DIDEGL(KBS1,A34STEST)
DIDEGL{KBOT, A3, TTEST)
GO TN 145
DIDEGY(KAD2,KBIB,KB,A35,ATEST)
DIDEGLIKAG2,43,5TEST}
DIDEGLIKBAR, A3, TTEST)
FLOWC=( L. =XKET+#3T74 1) *XK( [+5)
JA=RTEST
CPL=STEST
CPH=TTEST
CL=FLOWC®LPC
CH=XK([+5)=CPH
BETA=CC/CH
RNTU=UA/CC X
ET=EXP{=RNTU*(1,-BETA))
EFF={1.~-ET}/{1.-BETAZET)
RTEST=1.-EFF
STEST=EFF
TTEST=EFF®RETA
UTEST=1,=-TTEST
AK(1+3TT)=RTESTHXK{[+385) + STESTeXK{[+391)
XKIT+394)=TTEST®XK{T+385) + UTESTEXK{T+391)
TR{XKUT+374).GT.XK(3810) GO TN 147
VIEST={1./FLOMC) 26T . ¥XK{ 361)
GO TO 150
VIEST=10C0.
CONT INUE
TF{I-2) 155,160,165
STFSQSIRTEST,K9L2,A66+1}
STFSQS{STEST KA1 2,A4T+1)
STFSQS{TTEST,K912,A68¢+1)
STFSOSIUTEST+K912,A69+11}
STFSQS{VTEST X912,478+1)
G0 TO 170
STFSQSI(RTEST (K912,470+1)
STFSQSISTEST KOL2,AT1#1Y}
STFSOSI{TTEST,K912,A72¢1)
STFSQS(UTEST.K912,A73+¢1)
STFSQSIVTEST ,X912,A79¢1)
GO TD 170
STFSQSIRTESTK912,AT74+1}
STFSQSUSTEST ,K912,A75+1})
STESQSITTEST,KS12,AT6¢1)
STFSOS{UTEST KQL2,A7T+1)
STRSQSIVTESTK912,A80+1)
CONT INUE
RFM INITTIALIZE REMAINDER OF CONSTANTS
REM COND GLY (N = REG COALD DUT
AK(I+403)=2XK(T+377)
REM INITIALIZE REMAINING ARRAYS
IFtT1-2) 200,210,220
STFSQS{KBIOLKT14,A5]1+1) $RAD DUT
STFSQSI(KBI0,K9]12,854+1) $REG COLD IN
STFSQASIKATI,KO912,A5T+1) $BP VLV FRAC
STFSQS{XB93,K$]15,A60+1) $CONO GLY DUT
STESQSIKBO3,K912,A63+1) $REG HOT IN
STFSOSIKA99,KS14,ABL+]) $REG HOT OUT
G0 Tn 230
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21

223

667
668

669

1 R B RV R N

o\

STRFSQSIKBIL K914y A52+])
STESQS(KBIL,KFL12,A55+1}
STFSQS{XBRO,KIL2,A58+11
STFSQS(KBIG KIS ABL+1)
STFSOS{KRG4,KG12,A64+1)
STFSQSIK900,KF14,AR2+1)
60 TO 230
STFSQAS{KBI2, K14, A53+1)
STFSQS{KB92,K9]12,A56¢])
STFSQSIKBBLKIL2,A59+1)
STFSQS{KBIS,KIL5,862+1)
STFSOS(KAI5,KG12,465+1)
STF5QS{K901,KS%14,4823+1)
CONT INUE
REM END OF INITIALTZATION LODPS*&RassRednenterssas
CONTINUE
VARBL 2
CNFRWD

s
$ PERFORM TRANSTENT ANALYSIS

END

BCO 3VARTABLES 1
COMMON/ ALPHA/ WH2026(3}
COMMON/RRAVO/QCOND{3) ,OMASS{ 3}, WTH230(3)
COMMON/CHARLE/Z/Je My N
COMMON/FOXTRT/ PCKOH{3)

DIMFNSTON SVOL11(3),WH202P(3),PRES3LI3I,S5VOL3L(Y),

WDTCP2(31,QRS(3),QSTARDI 314 SVYNL L2031,
QREACT(3), QH20(3), QOUT(3), QINI3),
TSKINL{3),0TEMP(3),TSKIN2(3}, WH20203),
WDTCP1I(3), WH2025(3)

DIMENSION XK(1)

EQUIVALENCE {XK(1),K{1))

REM INTERPOLATE DO LOOP INDEX ARRAYS
DIDEGL{TIMEN,A26,K902)
DIDEGLITIMEN,A27,K903)
DIDEGL(TINEN,A28,K904)

REM CHANGE INDICES FROM FLOATING POINY TO
FIX{K902,K26) s
FIX(K903,K28) $ M
FIXIKOO4,K32) $ N

J=K(26)

M=K{28)

N=X{(32)

DO 667 I = 143

XK{T + 469) = XK(I + 5)

DO 668 I = 1, 3

XK{T + 5} = 0,0001

N0 669 1 = J, My N

XKET & 51 = XK(1 ¢ 469)

D1DEG [TIMEN,A%41,KB54)
DIDEGL{TIMEN,A42,K85S)
DIDEGI(TIMEN,A43,KB56)

DO 500 I = 4, My N

DT = 10.

IF (1 -2) 1, 2, 3
DIDEG2(KB36,
QIDEG2(XBI6,

60 TO 4
DI1DEG2(KB1T,

__ ... QIDEG2(K837,

GA TO &

DIDEG21KB838,439,K922)

DIJEGZ2(KB38, A40, K934)

- N
- Z X

NTEGER

$ SYSTEM 1
$ SYSTEN 2
$ SYSTEM 3

A39,
A&4OD,

K9201
K932)

A39,
A&Q,

K921)
K933}
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‘ Space Division
North Armerican Rockwell

4 CONTINUE E
SVOL11(I) = XKtl+415) F
DRATE = 0.05 F
10LD = 1 E
nn 90 JJ = 1, 100 t
WH202P01) = XKU349) XKL [+349)%DT [MEY F
WHZNZ2S(I} = WH2026(T) + XK{[ + 345)%WH2D2P{T1)} F
PCKOHIT) = XK{T#3250V7(XK(TI+326) + WH2025(1)} F
XKET+424) = PCKOHED) E
IF (1 = 2) 21, 22, 23 F
21 D2DEG2 (K929, KB4T, A44, K261

G0 TO 24 F
22 N2DEGZ(KS30, KASB, A44, KI2T)

GO TN 24 F
23 D2DEG2 (K93 1,KB4TF,A44,K928}
2% CINTTINUE

PRESILIT) = XK({[+421)

SVOLILET) = 4XK{33SIH{XK{[+342)+4H60, 01 /{PRESILIT =144,

DMASS{T) = {1.0-XK(T+345})ewH202PL 1}

WH2030([) = XXK{I#336I*DTIMEU/SVOLILLI)
WH202G(T) = WH2030(1) - DMASSIT}
SVALZL1{T) = XK{I+335)%DTIMEU/WH2NZ20(T)
DSPYOL{T) = SVOLL11(I)Y - SvOL21(1)

[F (ABS(DSPVOLII}} - XK(353)) 100, 100, 35
35 IF (DSPVOL(I}} 45, 100, 50
45 TMULT = 1

INEW = 1(0LD
10LD = =1
GO TO 60

50 [MULT = -]
INEW = 10LD
[0Lo = 1 :

60 MKUI + 2345) = XK{[ + 345) + DRATVE*[MULT

T# (INEW - [OLD}Y 70, 90, 7O
TG DRATE = DRATE/2.0
90 CONTINUE

WRITE {6, 95) )
95 FORMAYT ( 79H TTERATIVE SCHEME DEID NDT FIND A SOLUTION WITHIN SPFCI

LFIED NUMBER OF [TERATIONSY
190 CONTINUE

WH2N2611) = WH27OS5(1}

XKET+353) = 5,5 sk -~ 1, i8taviiei. )

I #2,654927C=23¢Xr.{[#369) vz - Lla3doe, w0~ SAK(L#3a )=

MMM TThTTTYMT YT T T A AT TN AR M MMM

QRSIT) = (WOTCPL{TI+WDTLP2{ I IS{XK{14342)-K{1+339))

ASHOTY = B3, 25¢KKi1 + 342} = Ll.6%XK(] + 439) - 882,

QSTYORDUL) = QGFNAT{I} - QH2(I) ~ QO2(1) - QELFCT{{) - QRS(I) ~
1 QSN{T) )

KK{T+342) = XX(1+342) + (QSTDRO(IV*NTIMEU) /XK{358)

2 +9,69469E-2¢XK(1+362) + 5,686233-7 Y- [+3491€X tle 423 r
3 = 3.5T3639E-TEXKI14340) «c28XK{T1#342) - 1.525995c-5%4K{;+3421282 ¢
6 ~4,BB938TE-6¢XKI+4349)*XK{1+342)9%2 - |, 2927SAE-TeXK(1¢342)1%%3 F
XK(T # 363) = XK{T ¢ 353) - 24.1%(,75 - PCKOHLIM) F
XKUT + 612) = XK{I ¢ 349)#XK([ + 353) F
SECH2(I) = B.292FE~5¢3] ,2XK([¢349) £
SFCO2{T) = T,.94%SFCH2([) F
QGENATII) = 51600.%SFCH2(T) F
QH2{1) = SFCH2{T1#3.,43%{XK(] + 342) - XK(] + 463)) F
ON2{1) = SFCOZUTI*0.219¢(XKIT + 342) = XK([ ¢ 466}) F
QFLECTI(L) = 3.41276%XK{[¢349)XK{1+353) F
PARPH2(I) = 60. - PRES3L{T) F
SVOL32(T) = (XK{336I#{XKIT + 342) + 460.,))/(PARPH2([)%144,) F
WDTCPLUT) = (XK([4336)/SVOL3NLT))%0.445 F
WDTCP2UE) = (XK{I4336)/SVOL32(1))%3,48 F
F

F

F

F

F
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15C

162
165
168
170

1BC

5C0

1

1

t

SVaL1z241)
WTH230(1)
GREACTI(T}

CONSTY

+ DMASS{TI*1.0/DTIMEU
CONSTZ = L160.%DMASSTTI/DTIMEU
LoNsT2

QOUTIT)Y = QREACTIL(T)

QINUI) = DCONDIIY & QH2DUL ) + QELECTII)Y + QSMI1)

DELTAQUIE = QOUT(TY - QINIT)
TF [ABS{DELTAQITI)) - XK(449)1)
TF {ABSICONSTSG — XK1 + 339)) -

DT = -DY/2,

CONSTS = XK(I + 3139)

XK{I + 339) = XK{T1 + 339} + OT
G0 TN 150

CONTINUE

XK{1+450) = DMASS{I)/DTIMED
XK(T14453) = XK(T1+345)%1C0.
CONTINUE

180,
XKL450))
iF (ABS(CONST4S « CONSTS) - ABSICONSTS = XK(1 + 339}))}

REM INTERPOLATE RYPASS (QPTION ARRAY

DIDEGL(TIMEN, A35,K905)
DIDEGI{TIMEN,A36,K905)
DIDEGL{TIMEN, A37,K907)

PEM CHANGE AYPASS FROM FLOATING POINT TO

FIX{K90S5,K9}) % SYSTEM )
FIX{K906,K10} ¢ SYSTEM 2
FIXIKIOT,K11} $ SYSTEM 3

REM INTERPOLATE HEAT FLUX ARRAYS

RTEST = TIMEM

IF{TIMEM.GE.1,.55) RTEST = TIMEM -

DLICYLIKGDO,RTEFST,,AL3,K12}
DI1CYL(XB00+RTESTAL4,K131)
DIICYLIKSE00,RTEST 4A15,K14)
DLICYLIKOOO,RTEST ,A164K15)
DLICYLIKG6O0O,RTEST ,ALT,K16)
DLICYL(KOOO,RTEST JALB,K17}
DLICYLIKGOODORTESTLAL9,K18)
DLICYL(KGOOLRTEST ,A20,K19}

REM APPLY INLCIDENT HEAT

REWM
ARYMPYIKZ04+A12+1,+K12,0701)
ARYMPY(K20,A12+41,X13,Q725)
ARYMPY(XK20,412+41,K14,0749)
ARYMPY (K20, A12¢1,K15,Q773)
ARYMPYIKZ20,41241,K16,0737)
ARYMPYIX20,A12+]1,.£17,Q821}
ARYMPYIKZ20,A12+1,K18,0845)
ARYMPY{K20,412¢1,K19,QR69)

REM

L B

S$PANEL
$PANEL
SPANEL
$PANEL
S$PANEL
$PANEL
$PANEL
$PANEL

180y 160
18¢,

$ SYSTEmM 1 .
SYSTeM 2
$ SYSTEM 3
INTEGER

$

PANEL
PANEL
PANEL
PANEL

" PANEL

PANEL
PANEL
PANEL

DNPID P NN e

D =N PN -

o\

(XKI3A632 (XK {T+331 ) +460. )} /{PARPH2{ T 1%]144.)

TUXKAT#330/SVOLL2{T) = XNK{T+349)1%XK{442)) DTIMEY
(XK1 44SYXDMASS{T}I/DTIMEY +
XK{44a % XKIT + 349)%XK(349)
QHZ2O{ T} = (DMASSTTI®(XKI{T + 331)
.44k TH2IO( T /DT IMEU#XK{T #3361 /XK({[+a15)%1,C

- DMASS(I)/DTIMEU}
-~ XKIT + 4391)%1.0)/DVIMEY

CIXKET #3363 /SVOLI2MT 1) %3, 44+ XKET+3361/SVDLLLIIT Y%L, C)/
CIRTH2IDLII/DTEMEU %3, 444 (WH2030{ T3 /OTIMEUI*]1.C)
CONSTG = —1,2%¢XK{] + 3421 + 882.
XK{T + 371) = XK{I + 3462) - (XXK{1 + 339)
QCONDITLY = (XK{T + 3713 —~ XK(T + 331))I%CONST1 + CONST2

- XKIT + 331))%CONST3

« QSTORDLI)

180,

LeSS*FLOATUIFIX{TIMEM/1,55}))

165

Space Division
North American Rockwell

L6R, 168,170

b T e o B s B e e e M e M 020 W T e T ¢ e e 2 i ¢ W 1 B 4 e 1 |

mn

REM BUTILD A TEMPERATURE ARRAY TD EVALUATFE THERMAL FLUID FLOW COND

REM

_ BLDARY(A9+],T601,T602,F7603,T604,T605,T606,T607,T608,T4609
TE10+TOLLyTEL2,TH13,TH14,T615,T616,T61T7,T611
T619eT620,T621,T622,T623,7624,T625,TH26,T62TH

BLDARY{AG¢28,T628,T629,T63u,T631,7632,T633,7634,7T635,T629
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‘ Space Division
North American Rockwell

REM COMPUTE (K-FACTOR)/(2%DENSITY®R(A®22))
DINIMICAB, AR+L AL,KTOL,423+1)
DIVARY{AZ23,0501,422+1,G501)
ADDARY {A23,A23+41,6G501,6501)
REM - ALL CONSTANTS FOR PRESSURE ORGP HAVE REEN COMPUTED -- SUM
REM FNR RESPECTIVE SYSTEMS AND SOLVE FOR NDELP
REM
REM [N THE FOLLOWING SYSTEMS COMPRESSIONS A FLAG HAS REFN SET
REM T0O INDICATE FLOW DIRECTION THROUGH THE BYPASS VALVES -- THE
REM SYSTEM CONDUCTANCE IS CALCULATED ACCORDINGLY
REM FLAG FDOR SYSTEM 1 = K9 (O-RADIATOR , L~BYPASS)Y
REM FLAG FOR SYSTEM 2 = K10(0-RADIATOR , 1-BYPASS)
REM FLAG FOR SYSTEM 3 = K1L{O-RADIATOR , 1-BYFASS)
REM
REM CNMPRESS PRESSURE NETWDRK FUR SYSTEM |
REM
SUMARYIK3,56501,K582)
SUMARY (K4 ,G516,K5873)
TFIK(9).EQ.0) KI[117)=K(116) - F
TF{K(9) EQ.1IXK({L11TI=GIRBO) F
ADD(KS82,K584,6526,K5R5}
REM
SE: COMPRESS PRESSURE NETWORK FOR SYSTEM 2
SUMARY {X3,5528,K5864)
SUMARY (K& ,G543,K58T}
TFIK{IC).EQ.D) K{121)aK(120}
IF{KILO)LEQuL1IXKtL2Y)=G{1]13) : F
- ADD{K586,K588,G553,K589) : .
REM
RE" COMPRESS PRESSURE NETWORK FNR SYSTEM 3
REM _
SUMARY (K3 ,G555,X59D)
SUMARY (X4 ,G5T0,KS91)
TFIK{LLYLEQ.D) K(125)=K{124) F
TFIKE1I1)LEQ.LIXKR{1253=G(140) F
ADDIKS590,K592,6580,K591)
SCALE{K25,K585,K585,K5B89,K589,X593,K593)
ARINDV(3,K6+1.+K321) SINVERT FLOW RATES
REM SAVE TIME STEP
REM FIRST TIME STEP, DOTIMFU=0,, SO DON'T STORE 1T
IF{DTIMEU.EQ.C.) GO TO 5 F
SLPARY (DTIMEU,ASD) )
5 CONTINUE
DD 700 I=J+M,N
TF{1-21 10411,12
10 SLPARY(T618,A51)
DIDEGL{T6E1B,ALLRTESTI
MLTPLYIKA21,RTEST KR64,TTESTH
DELAYL(ASD4AS1.TTEST,K890,ITEST)
SLPARY (KA90,454)
ARYSTOI(K912,VYEST ,AST+1) _
GO TD 13 F
11 SLPARY{T&356,AD2)
DIDEGLITHAG, AL, RTEST)
MLTPLYKB22,RTEST K884, ITEST)
DELAYL{ASO AS2 ,TTEST ,XKBG)L,ITEST)
SLPARYI(KBIL,AS5S5)
ARYSTOIKI1 2, VIEST ,ABB+1
GO TO 13 - F
12 SLPARY({TAES4,A53) :
DIDEGI{T6%54,A1 ,RTEST}
MLTPLY(KB23,RTESTKB66,TTESTY)

1

MmN
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‘ Space Division
North American Rockwell

DELAYLIASD ,AS53,TTEST.KR92,1TEST)
SLPARY (KRG2,AS56)
ARYSTO(KIL2, VTESTAS59+1}
CONTINUE
REM DETERMINE AYPASSED FRACTION
ARTEST=XKfT+331}
STEST=XK([+365)
VTEST = XK{T+454}
IFIK{T+368}) 20,39,30
TF{RYEST.LLELSTEST) GD TO 35
NIDEGI(RTEST 4ALO,UTEST])
TFIUTESTLLE.VTEST) GO TO 39
K{l+36A)= 1
DIDEGLE{RTEST ,ALD.UYEST)
YTEST=UTEST
G0 TQ 19
IFIRTEST . GELSTEST) GO TO 25
DIDEGLIRTEST »ALL,UTEST)
IF{UTEST,.GE.VTEST) GO TD 39
K{l+368)= -]
DEDEGLERTESTHALLL,UTEST)
VTESTsUTEST
CONTINUE
AIK{l+456% = VYTEST
IFIT1-2} 4D,41,42
SLPARY{VTEST,AST}
: CNVLTNUASO AT 042,879}
GO T3 43
SLPARY{VTEST, A%R)}
CNVLTN(ASO,A58,04,2,KA80)
GO TN 43
SLPARYIVTEST,A59)
CNVLTN{ASO,459,0,2,K881}
CONTINUE
REM DETERMINE COLD SIDE REGENERATNR FLOW
FLORGL = (1.=XK{(I+3T4})*xK{i[+5])
REM DFTERMINE REGENERATAR COLD SIDE DELAY
REM IF fP FRACTION IS LARGE, SET FLORGC TO A SMALL FINITE VALUE
TR I 43T 0T . XK{3B813)} FLORGC={1l.-XK{ 381} )exK{[+5}) :
TTEST={XK{I+385) + XNK(TI+#3AT7])/2.
DIDEGLITYEST AL ,RTEST)
TTEST=XK{3BS)*{1./FLORGL J*RTEST*XK(361)
REM SLIDE DELAY [NTO ARRAY AND DETERMINE DELAY, COND, NUTLET TO
REM REGEN HOT INLET
IF{I=-2} 70,80,90
SLPARYITTEST,.ATR)
DIDEGL(KBII, AL, RTEST}
MLTPLY(KB2L,RTEST+KB&T,TTEST)
TTEST=TTESY-DT IMEL}
REM DELAYL{ASOALOTTESTKBI6,ITEST)Y DELETED DUE TO INSTABILITY
CNVLTN{ASO,A6040,2;%X896)
XK{392) = XXt392) + 460,
XK{464) = XK(460) + (XK{392) - XK(460})%{ .53 + ,Q025XK(6) & ,01/*
1 XK(4621}
NH = (XK(460) = XK{464))%(,152 ¢+ ,0000225%{XK{46s) + XK(4560)))
1 *XK(462)/7/X%{b)
X = 116440.,5 + 2401.364%DH + XK{3923%(682,.46T6 + XK{392)}
TOW = SQRTIX} - 341.,2338
XK{46TE = XK(461F + . 75+({T0OW - XK({461))
DH = (XKL44]1) = XK{&46TH)I®I  4TEXKIGRI)/XKIG)
X = 116640,5 ¢+ 2401.364%DH + TOWE(682.4676 + TOW)

XK1392) = SQRT{X) - 341,2338 - 440,
XK(464) = XK{464) - 460,
XK(46T) = XK{&6T} = 460,

- 68 -
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‘ Space Division
North American Rockwell

SLPARY(XAS6, A631
60 TN 100 ' F
80 SLPARY(TTEST,AT79) '
; DIDEGI{KBI4,AL,RTEST)
MLTPLY{KS822,RTEST,KA6T,TTEST)
TTEST=TTEST-DTIMEY F
REM DFLAYL(ASO,A6L, TTEST KS9TLITEST) NELETED DUE TO TNSTABILITY
CNVLTNCASD 2 ASLs0,2,K897)
XK{393) = XK{393) + 460,
XK{465) = XK(460) + (XK{393) = XK[4&60))%(.53 + .002*XK{T)} + ,0lRe
1 XX1462))
DH = (XK{460) = XK(465)I%(,152 + ,0000225%{XK1465) + XKI[4&01))
1 AXK{&62)7XK{T) :
X = 116640.5 ¢ 2401,364%DH + XK(393)%{682,4676 + XK(393)}
TOW = SQRT(X} - 341,2338
XK1468) = XK{46L) + 755{TOW - XK{461)1)
DH = (XK{461) = XK(4681)%3,47%XK{463)/XK(T)
X = 116440.5 + 2401.3643DH ¢ TOWR(6R2.4676 + TiIW)
XK{393) = SQRTIX) - 341,2338 - 460.
XK{465) = XK{465) =~ 460,
XK{468) = XK{468) - 460.
SLPARY (KBOT,AG4)
GO TO 100
90 SLPARY(TYTEST, A8O)
DIDEGLIKA95, A1, RTEST)

MLTPLY(KB23,RTEST,KB85T,TTEST) :
TTEST=TTEST-DT IMEY ) F
REM DELAY1(ASO,A62,TTEST,KB898,ITEST) DELETED DUF TO INSTABILITY

CNVLTNLASD,A82,0,2,K898) .

MMM AT oM

Y

XK(394) = XK(394) + 460. F
XK{466) = XK{460) + (XK{39¢)} - XK(460))%(.53 + ,002%XK{(B) + ,018% F
1 XK{462)) F
DH = (XK{460) - XK(4866))1%(.152 + .0000225%(XK(466) + XK(460)}) F
1 *XK(4562) /XK{8) F
X = 116440.5 + 2401.3644DH + XK{3941#(6R2,4676 + XK(394)) F
TOW = SQRT(X) - 341.2338 : F
XK(469) = XK(461) + .TS#(TOW ~ XK(461)) F
DH = (XK(461) - XK(469))}%3.4TEXK(463) /XK(8} F
X = 116440.5 + 2401.364%04 + TOWS(682,4676 + TOW) F
XK(394) = SQRTIX) - 341.2338 ~ 460. F
XK(&b6) = XK(466) - 460, F
XK(469) = XK(469) ~ 460, f
SLPARY (K898, A65)
100 CONTINUE £
REM COMPUTE REGEN HOT SIDE DELAY
TTEST=(XK{1+394) + XK(I¢391))1/2, F
7 "GL1DEGL{TTEST,A1,RTEST)
XK(330=XK(385) #XK{ [+316)*RTEST*XK( 364} F
REM FIND TERMINAL ENTHALPIES AND UA OF EACH REGENERATOR
1FLI-2) 110,120,130 £
110 D3DEGL{KBI0,K896,K6,438,RTEST) $ud
. DIDEGLIKB96,A24,STEST) $HHL
DIDEGLIKB99,424, TTEST) ' $HH2
D10EGLI(KBI0,A24,UTEST) $HC L
DINDEGLIKAAZ,A24, VTEST) $HC 2 _
GO TO 140 _ F
120 DIDEGL (KBI1,KBIT KT ,A38,RTEST) $UA
DIDEGLIKBIT,A24,STEST) $HH1
D1BEGLIKIO0,A26s TTEST) $HH2
DIDEGL(KBIL,A24,UTEST) $HC 1
OLOEGL{K883,424,VTEST) $HC 2

GO TO 140 , _ : F
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13¢

140

150

160

170

D3DFGLIKBY2,KB8I8,KB,A3B,RTEST)

NIDFGLIKAIR, 824, STEST)
DIDEGL(KIOLA244 TTEST)
DIDEGLI{KAS2,824,UTEST}
DIDFGLIKARL,A24,VTEST)
CONTINUE
RFM
YA=RTEST
HHL=STEST
HH2=TTFST
HCI=UTEST
HC2=VTEST
DHH=ARSI{HH]1=HH2 |
PHC =ARS{HCI~-HC?)
DTH=ARS{XK{[+3TL}=-XK{]+394)}
DTC=ABSIXK(T+3AS5)-XK{F+377})
CC=FLORGC=(1./70TC I *DHC
CH=XK{[+5)*®(1,/0TH)*DHH
RETA=CC/CH
RNTU=UA/CC
ET=EXP{~RNTU({1.-BFTA))}
FFF={1.-FT)/{1.~BETA*ET)

f)

$1)4

$HHL
$HH 2
$HC1Y
$HL 2

Space Division
North American Rockwell

N

COMPUTE TEMPERATYURE AND ENTHALPY DROPS NN EACH SIDE

THT AT T A A TN

REM COMPUTE REGEN GAINS BASED ON REGEN INLET CONDITIONS

RTEST=1.-EFF
STEST=EFF
TTEST=EFF*RETA
UTEST=1,~-TTEST
REM

TFET-2) 15041604170
SLPARYIRTEST, 466}
SLPARY(STEST, 67}
SLPARY{TTEST, A%R)
SLPARYIUTEST, A9}

$SYSTEM 1}

DELAY2{AS0D,AS4,AT8,VTEST,JTEST)
CNVLTE{ASD ,AS4,A66, JTEST, L,RTEST)

CNVLTE(ASO,A63,A67,0,1,STEST}

DELAY1(AS04A63,K33,VTEST,JTEST)

CNVLTEULASGO AS544A68,0,1,TTEST)

CNVLTECASD+A634A69, JTEST, 1L UTEST}

VYFST=TTEST+UTEST
SLPARY (VTEST,

G0 1D 180
SLPARYI(RTEST, A7)
SLPARY(STEST,ATL)
SLPARY{TTEST,AT72)
SLPARYLUTFST,ATY)

ABL)

NELAYZ2UASO  ASS AT, VTEST,JTEST)
CNVLTE(ASD, ASS ATO, JTEST,,1,RTEST)

CNVLTEIASO 4 A64,A7]1,0,1,SYEST)

DELAYL(ASO,A64,K33,VTEST,JTEST)

CNVLTE(ASDA5SS,AT2,0,1,TTEST)

CNVLTE(ASO,AGG , AT, JTEST, 14 UTEST}

VIEST=TTEST + LTEST
SLPARYIVTESY,AR2)

GO Yo 180
SLPARY(RTEST,AT4)
SLPARY(STEST,ATS)
SLPARYLITTEST,AT76)
SLPARY{UTEST,ATT)

$SYSTEM 3

DELAY2(A504+A56,AB0,VTEST,LJTEST)
CNVLTE{ASD ,AS6,AT4, JTEST, 1, RTESTY

CNVLTELASQO,A65,A75,0,1.STEST)

DELAYLUASO,A65,K33,VTEST,JYEST)

- 70 -

SLIDE GAIN CONSTANTS INTO ARRAYS AND
PEM DETERMINE TRANSIENT DUTLET TEMPS

souUTeuT
souTPUT

sOUTPUT
$QUTPUT

soUTPLUY
$QuTPUT

souYTPUT
$OuUTPUT

snuTeuT
sQuUTPUT
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Ti2

121
T22

Tl1
TL2

T21
Y22

T11
T12
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180

199

200

210

220

260

290
300

301
316
320
330

340
350
354

351

) ¢{OMASSITI®L160,+DMASSEFI*DTGAS*1.0)/0TTMEY

|"- Space Division
North American Rockwell

CNVLTE(ASDyASG¢ATE Oy Le TTESTE - $OUTPUT T21
CNYLTE(ASD ,A65,ATT,JTEST,1,UTEST) $O0UTOYT T22

VIEST=TTEST + UTEST . F
SLPARY (VTEST,AB3)

REM COLD + HOT TRANSIEMT DUTLET TEMPS

XK{[+#377¥=RTEST + STFST F
XK{1+396)=YTEST + UTEST F
TYEST = (XK(L + 391} + XK{[ + 3941)/72, F
NIDEGLITTEST, A3, UTESTY t+ SEC REG HOT CP
TTEST = (XK(T + 3771 + XK{] » 3851172, F
DIDEGI{TTEST, A3, VTEST) ¢ SEC REG CLOLD CP
XK{T + 377) = XK{[ + 38%5) + ((XK([ # 391) - XK{I + 394))*UTEST)/ F
1 ft1. - XK{1 + 374))%=yTEST) F
TF {XKIT + 37TH.GV.XKIL + 3913) XKII + 377} = XK{T + 391} F
XK{T # 377) = {XK{1 « 3770 + XK{1 + 32213/2. F
XKET + 322) = XK(I + 377} F

REM CNMPUTE DELAY TO RAD INLET AND SET RAD INLET TEMP

IFtI=-2) 190,200,210 F
DIDEGL{KBO99,A1,RTEST) .
MLTPLY(KB2],RTEST K969, TTEST)

DELAYL{ASD,ABL,TTEST (TH0L,ITEST)

GO TQ 220 £

DIDEGLIKO00,AL,RTEST)

MLTPLY{KB22,RTEST K869, TTEST)

DELAYLIASO A2, TTESTT619, ITEST)
G0 To 220 _ F
' DIDEGLIXK901,AL,RTEST) ’

MLTPLY{KB23,RTEST K869, TTEST)

DELAY1(A50,A83, TTEST,T637,TEST)
CONTINUE F
REM COMPUTE CNNDENSER INLET TEMP

TEIXK(T#374),GT . XK{381)) GO TO 290

RTEST=XK{]+3385)

STEST=XK({1+377)

DIDEGLLRTEST, A24, TTEST) $ENTHALPY BYPASS
DIDEGLISTEST,A24,UTEST) $REGEN ENTHALPY

VIEST=TTFESTOXK{ 4374} + UTESTR(L,~XKII+3741))
DIDEGL{VTEST,A49,RTEST) STEMP OUT DOF VALVE

XK{[+403)=RTEST

GO TO 390

XKLE+403)=XKI[+385)

CONTINUE

IF (INDEX1) 450, 450, 301

INDEX2 =1

DYEMP2XK(447T)

1SGN=K{448) :

XKIT & 365) = XKII + 331)

T20LD=aXK{[+331)

T&OLD=XK{[+3848)

IFTT=27 320,330,340
DIDEGIIKI08,A24,RTEST)

DIDEGLIKA9I,A24,5TEST)

GO YO 350 ' F
DIDEGLIK909+A24,RTEST)

.. DIDEGLIK894,A24,STEST) _

60 Y6350 : N F
DIDEGLIK910,A24,RTESTI
DIDEGL(K895,A24,S5TEST)

CONTINUE

IF {INDEX2 -~ 100) 354 354, 445

QGLY = XK{1 + S)*{STEST - RTEST}

OFGAS=XK(T+3T1)-XK{[+331)

OGAS = DYGASH(3,44%WTH230(II/DTIMEY + XKUI & 338I/7XK(] + 415)%1,0)

MmN

-
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North American Rockwell

Ah2 XKET 4 331) = XK(T & 388) -« XK{[l + 316)*(43.2287949 +
1 697469198 %QGAS ¢ 9.0145E-TH*QCASE*2)
TECARS(NAGLY-QGAS) LT XK{407)}) GD TO 450
[SGNSVY=15GN
TFLAGLYLY.QGASY [SGN=+]
IFTAGLY.GT . QGASE [SGN=-1
TINCR=DTEMP*ISGN
TF{ISONLEQ.ISGNSYY GO TO 440
XK{T1+331)=T20LD
XK(T+388)=T40LD
DYEMP=DTEMP /2,0
INDEXZ2 = INPREX2 + 1
60 TI 31)d
Lol XK{T+#389)=XK(I+238)+TINCR
[NDEX2 = TNOEX2 + 1
50 TQ 310
445 WRITE (b6, 446)
G9&  FDORMAT (1HO, TH4HCONDENSER HFAT BALANCE NOT COMPLETED WITHIN SPECIFF
tTED NUMBER OF ITERATIONSI
450 OCONDtI Y =0GAS
[FIT=2) 451,452,453
451 SLPARY{KA93,460)
GO T 750
452 SLPARY(KB94,A61)
50 T0 7006
453 SLPARY (KA96,462)
"REM  END OF LONPERAnse s e e X e R sn ks dnerhiann
700 CONTINUE F
INDEXL = 1 F
REMENREAFREEE S REREAENEERANEER RS ERERE R R E R AR O RAR G F AR AR AR ERERE RN &
END
ACD 3INUTPUT CALLS
COMMON/BRAVO/QCOND(3) , DMASSE3) 4 WTH230(3)
COMMON/CHARLE/ Jy My N
COMMONZECHO/Z 1POINT
COMMON/FOXTRT/ PCKOH{3)
DIMENSION ATEMP{S0D} 9
DIMENSTON XK1}
DIMENSINN CRTARL(2COY, CRTARZI200), CRTAR3I{(200),. CRTAR4(200),
1 CRTARS{T72)y CRTARS{TZ?), CRTARTISI)
GIMENSINN DATEL2)
DATA ITLT/0/
DATA CRTARS/ *MISS* , *JON *,'TIME®,* = 0,7 MINY, [3x* 7
DATA CRTARS/ PSYSTO ,VEM TP, VEMPEY, *RATUY,*RES *,* . *v*DEG Y,
1 *F Yy 10%* vy
EQUIVALENCE IXX{1),XK{L1))
CALL CAMRAV(Y9)
TIME = 0,0
DO 100 Nl = 1, 63
CRTARTINLY) = TIME
TIME = TIME + 3.0
100 CONTINUE
REM SOLVE FOR RADIATMR PRESSURE DRNP
MLTPLY{KG6,KH,K585,K6R2) $RADIATOR PRESSURE DRDP FOR SYSTEM |
MLTPLYIKT K7,K589,K683) $RADIATOR PRESSURE DRDP FOR SYSTEM 2
MLTPLYI{KB KA, K593,K6B84) SRADIATOR PRESSURE DROP FOR SYSTEM 3

B B 3 T o e T T e e 3 e e e 4 M 2 e i M B 3 M |

-

m

MMM AT TIAM

DIDEGLIXA&R2,ABL,Kb) $ FLOW RATE -~ SYSTEM |
DIOEGLIX683,AR4,K7) $ FLOW RATE - SYSTEM 2
DIDEGLIKG684,484,K8) ¢ FLOW RATE -~ SYSTEM 3

REM FLUID HEAT LOSS FOR SYSTEM 1
QUTRTI (16, A9¢1,:GAOL+A25+41))

REM FLUID HEAT LSS FOR SYSTEM 2
OMTRI(164,A9419,G619,A25+17)
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REM FLUTD HEAT £NSS FOR SYSTEM 3
OMTRI{16,489+437,663T+425+33)
[F{Kt9)Y,.EQ.Y) GD TO 1
SUMARY (16 ,425#1,KB01)
GnN TH 2
1 LONTINUE
SUMARY {10,425+1,K301)
2 TRIKIU10)LEQ.L) GO YO 3
SUMARY {16,A254+17,KB802)
GD TO 4
3 CONTINUE
SUMARY {10, A25+17T,K802]
4 TF{KI1l}.EQ.1) GOY FO 5
SUMARY {16 ,425+33,KB01)
GD T &
5 CONTTINUE
SUMARY{1(C,A25+33,KA03)
6 CONTINUE
CALL DATOUTY
WRITELS,11)

11 FORMAT(SX,99HSYSTEM POWER CURRENT VOLTAGE TSI TSE
1 TCIpP TCE®R QCOND w=-CDOND WS-RATE, 3X,
2 12HT2 TH2}
WRITEL&,12) .
12 FORMAT(14X,90HWATTS AMPS VOLTS DEGF DEGF DEGF
1 DEGF BTU/HR LB/HR PERCENT, 3X, 12HMDEGF DEGFy /)

D0 13 T=J4,MyN
13 WMRITELS,14) T4XK(T+412), XKll*3‘9ipKK|l+353l XE(I #3394, XK{1e3420,
1 XK|I+37II:XKIl*331"QCnND([1.1K1¥*450|oKKt[04533t
2 XKU[ + 4633, XKI{T + 466), PCKOHLTD
14 FORMATEOX, 52,4 X,2FB.2, X 5F 1,2,F10.2,F10.3,2F9.2,FR,2,F9.3)
WRITE {6, 15}
15 FORMAT (//}

WRITE(S,16)
16 FORMAT (5X,114HSYSTEM  FLOW RATE  QRAD TRADIN  TRADOUT  DPRA
10 T$act TSRCE TSRHE TSRHE TCLS TCES BPFS)
WRITEL6,1T)
17 EDRMAT (16X, 95HLB/HR BTU/HR DEGF © DEGF PSIA DEGF
1 DEGF DEGF DEGF DEGF DEGF, /)
NO 18 1=J,M,N )
18 WRITELA 190 Lo XKIT145),XK{1+296),T11+4243),TUI+260},XK{14212},
1 XKCT#385) o XKAT#3TTH o XKCI439L) o XKEI#394) o XK{ [4403),
2 XK{T+380) ,XK{14¢374}

19 FORMAT(6X, 01245 ¢F8.291Xp2F9,2F10,2,FB.3,6F9,2,F8,4)
_ WRITE {6, 20) _

20 FORMAT(//7TX,120HPANEL 1 PANEL 2 PANEL 3
INEL 4 PANEL 5 PANEL & PANEL 7 PANE
2L B, /4 SX, 123HIN auY IN out [N our
3N ouv IN ouT N our (N gur
4 ouT, /)

DO 21 (1 = 193,208
TU1 = 2097- 1d
21 ATEMP(JS1) = TLI1)
DN 22 12 = 209,226
J2 = 241 - 12
22 ATENP(J2) = T{12)
DO 23 13 = 225,240
BNEREIFS & B k| '

23 ATEMPUJI3E = T(I3)

WRITE {6, 25) (ATEMPIKT), KT = 1, 16)

WRITE {6y 250 (ATEMPIKT), KT = 17, 32}

WRITE (6, 25) (ATEMPIKT), KT = 33, 48)
25 FODRMAT {1X, 16F8,1)

NP = 125

°
-2
T

ey
-

—
F-4
-n
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‘ Space Division
North American Rockwell

CRYARLUIPDINT) = XKU(3413)
CRTARZ{TPOINT) = XK{332)
CRTARI{IPOINT) = T{244)
CRTAR4(TIPNINT) = TU241}

IF {IPDINT.EQ.NP) GO TO 30

ITPRINT = IPOINT + ]

GO TN 52

30 CONTINUF

IF ([TIT.EQ.0) CALL CDATEVIDATE)

IF {ITIY.GT.0) GO TO &0

CALL GRFA3TV{=-1,38,CRTARS,CRTARS ,~63,CRTART+LCRTARLIIL) y2C0. 40,
1 500.¢C.)

CALL RITF2VII3141010+1023,904242C91¢*SYSTEM 1 = 30 AMPSY,[BLY)
CaLl PaINTV{A,DATE,943,995)

CALL GAF3ITVI J,63,CRTARS,CRTARG,, =63, CRTARTCRTARZ2{1}4200.+C.0
1 50D..0.)

CALL GRFAITVI 2455,CRTARS,,CRTARG ;=63 +CRTART+CRTARI{1) 320G 0 +04
1 5C0.40.)

CALL GRFATYL G444 CRTARS,CRTARG +=63,CRTARTZCRTAQG( 1) 4200,.,C.
1 500.90.%

CALL GRFITWI=1y 3B CRTARS,CRTARS y~634CRTART,CRTARLIC(A3),200.40.
1 S9C 4904}

CALL RITEZ2Vv{33141010,1023,9042,20sLs*SYSTEM 1 -~ 25 AMPSY,[ALY)}
CALL PRINTVI(S8,DATE,;943,995}

CALL GREIATVL 0+63,CRTARS ,CRTARG y =6 FCRTART,(CRTARZ2(63)4200.40. ¢
l 5000!0.’

CALL GRFATWI 0455 CRTARS,CRTARS =63 ,CRTARTCRTARI(IO63)4200.4Ca
1 53044041

CALL GRF3ITVL D,44yCRYARS,LCRTARG, =63, CRTARTCRTARALSE3) 2200, ¢+0us
l 500.!0.,

ITIT = 2

S0 CONTINUE
END

TAM T TITTMMAT AT T T M TITAYM T YAOIT T I Y N AT TR
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USER SUBROUTINE LISTINGS

nnol SUBRDUTINE CNVLTNIDT 4V 4NST  NFCNV2)
Q002 DOUBLE PRECISTON DTOP,IITNS ,VI1J,V1IJPL VAV, TMT , TRTO,V2OP XSFER,
1 SCALE+RTSA,RMXSH
0003 DIMENSINN OT{1l},v1(1}
0004 ' EQUIVALENCE(D,N)
€
C VI MUST BE DIMENSIONED NOT LONGER THAN
C (DIMENSION NF DTI+1
C
0005 ' D= pT{L)
000& 19T = ¥
o007 D= Vi(l}
opna Ivl = N
0009 NT = IDT+1-1V1
00l¢ ’ IFINT) 169,5,5
0011 5 TFINST) 15+15.25
0012 15 NST = 1DT+1
0013 2% V20P = 0,0000
0014 TMT = 0,00030
G ER AR R IR p ek e ek ek Rk e ke kb e ek kA dewy
0015 -0 T uKss = 10 ‘
C 2332t 2222 TR 44222 23T E LSRR TR TS ]
0016 RMXSHE = MXSH
0017 : NSTML = NST-1
0nla DO 20 [=1,N$TML
aole J = NST-T1+t
0020 NTOP = DT(J)
0021 JS = J-NT
0022 VIJ = V1(J$)
0023 VIJP1 = V1(JS+1)
0024 DTNS = DTDP/RMXSA
oo25 - ___TMTO = THMT
0024 ’ DO 70 1SB=1,MXS53
0027 IFL(ISB=1} 30,30,40
0028 30 TMT = TMT+0.5D00®DTNS
0029 T G0 TO 45
0030 40 TMT = TMT+DTNS
0031 45 RIS3 = ISB
0032 SCALE = RISB/RMXSH
0033 VAV = V1JPLle(VIJPLI-V]1J}®SCALE
0034 70 V2DP = V2DP+XSFERINFCN,TMT) *VAV*DTNS
0035 __ . IMT = TMTO+DTOP
Q036 40 CONTINUE
0037 V2 = v20np
0038 RETURN
Q039 T 169 WRITE(6,17O)
0040 170 FORMAT(43H ERRNR IN DIMENSTONING OF ARRAYS FOR CNVLTN)
0041 ... Return
0042 END
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0001
oone

0003
0oC4

aoas
0006
Qo007
0008
d009
0010
0011
co12
0013
0014
0015
0016
oo17
go18
o019

0020

0021
0022
0023
0024
0025
an2é
ope7
onzs
0029
0030
0031
0032
0033
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043
0044
0oas
00456
co4t
004AR
0049
0050

InEaRalel

10
15
20
25

‘ Space Division
North American Rockwell

SUBROUTINE CNVLTEIDT VI +GAIN G NST NFCN,V2)
DOUBLE PRECISION DTDP DTNS yVIJeVLIPL WAV G4 0IPL,GAY , THT, TuTr),
1 ' V2DP 4 XSFER,SCALF ,RTSA, 2MXSR

NIMENSION DT{1),VI{1},GAINIL)

FQUIVALFNCE(D,N)

V1 AND GAIN MUST BE NIMENSIUONED EQUAL LENGTH AND MAY
NNT SE LONGER THAN (DIMENSION OF 0OT)+1

0= DT}

IoT = N

D= VvIilil1)

(vl = N

D = GAIN(L}

IG =N

NT = IDT+1-1vl

[FINT) 1694545

NT = IDT+1-1G

ITF{NT) L69,10,10

TFLIG-1V1) 169,155,169

TF{MST) 20,20,25

NST = IDT+1

¥20P = 0.0D00C

T™T = 0.0D00

33 3 R 22T 3141232438 3232221222222 3Rttt sl E LS 2l
MXSB = 10

P33 2332222223423 823 2223330322224 3Rl Rl st 2] 2
RMXSB = MXSB

MNSTM] = NST=1

DO 80 I=1,NSTML

J = NST-i+]

_DTOP = DT{J}

10

40
45

10

80

.. 169

170

JS = J=NT

V1J = V10JS)

ViJPl = Vv1{JS+1)
GJ = GAINCJS)

GJPL = GAIN{US+]1}
DTNS = DTOP/RMXSA
TMTO = TMT

00 70 [SB=}{,MX5B
IF{1SPR-1) 30,30,40

TMT = TMT+0.5DOO®DTNS
G0 TO 45

TMT = TMT+DTNS

RISA = I58

SCALE = RISR/RMXSA
VAV = VIJPL+(VRJP1-V1J) *SCALE

GAV = GJIPL+{GJIPI-GJI*SCALE

V20P = V20P+XSFER(NFCN,TMT )&V AVEGAVEDTNS

TMT = TMTO+DTDP

CONTINUE

V2 = v20P

RETURN

WRITE(64170)

FORMAT{43H ERROR IN DIMENSIONING NF ARRAYS FOR CNVLTE)
RETURN

END
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Hoo1 SUBROUTINE DELAYLI{TAR, ARR, TAU, VAL, INDX)
0002 DIMENSION TAR{1), ARR(1}
0003 EQUIVALENCEID,N)
0004 0D = TAR(L)
0005 ITAR = N + 1
Q006 N = ARRILL)
0007 IARR = N + 1}
o008 JTAR = fTAR
0009 JARR = [ARR
0010 DT = TAU - TAR{JTAR)
00i1l 10 JTAR = JTAR - ]
0012 [F (JTAR - 2} 100, 20, 20
0n13 20 JARR = JARR - 1
0014 - TF_{JARR - 2) 200, 30, 30
0015 30 TF (DT 60, 60, 40
0016 40 DT = DT = TAR{JTAR)
0017 G0 TO 10
0019 60 INDX = JARR
ool9 VAL = ARR{JARR)
ae20 o . RETURN
o
C ERAQOR MESSAGES
C
0021 ) 100  WRITE {6, 101}
0022 101 FORMAT (SOM DELAY] ERROR-=TAl) EXCEEDS S$UM OF SAVED TIME STEPS)
0023 .. . INDX =2
0024 VAL = ARR(2)
002% RETURN
0026 - 200 WRITE (6, 201)
0027 201 FORMAT (28H DELAYL ERROR~—-ARR TNO SMALL)
0028 INDX = 2 '
0029 e _NAL = ARR{2) L
0030 WRITE (6, 250) DYIMEU
003 250 FORMAT [12HTHE TIME IS » F10.5)
0032 , RETURN
0033 END
0001 SUBROUTINE DELAY2({TAR, ARR, TAlU, VAL, INDX)
o002 DIMENSION TAR(1), ARR{l}, TAU(L)
0003 EQUIVALENCETD,N)
c
€ _TAR _MUST BE DIMENSTONED ONE LESS THAN ARR AND TAU
¢ _
0004 D = TARLL)
0005 . ITAR = N_ e
" 0006 D = ARRTT) . -
0007 14aRR = N
ooo8 o D = TAU{L)
0009 _ ITaU = N
0010 SUMDT = 0.0
ooy . TAUITG = 0.0 .
0012 J = ITAR + 1 = TARAR
0013 IFLJ) &£9,10,69
0014 . .10 IFUIARR - ITAUY 69,20,69
0015 20 DO 50 I = I,ITAR .
0016 M= ITAR ¢+ 2 = 1
0017 SUMDT = SUMDT ¢ TARIM)L
001R : FRUAVT = (TAUTWMY € T7AUTM & 13973,0
0019 TAUITG = TAUITG ¢ TAUAVI*TAR(M)
0020  TABAVEC = (1./S5UMDTI*TAUITG
0021 IF {SUMDT - TAUAVC) 50, 60, 60
0022 50 CONTINUE
0023 o . HWRITE (&, 51)
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co24a
gn2s
0026
0027
ooze
0029
0030
0031

51
50

69
70

FORMAT
VAL =
INDX =
RETURN
WRTTE

{43H MEAN

IRR{M)

M

(&,

701}

o\

Space Division
North Arnerican Rockwell

TaY OUT OF RANGE OF TAR SUM ™ DELAY?)

FORMAT (43H ERROR IN DIMENSIONING OF 22RAYS FOR DELAYZ)

RETURN
END
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0001

0002

466037 7

0004

. 0005,

a0o0s6
0007
0008
0009

o010

Q001

L S

0003
0004

oo0Qs .

0001

0002

0003 "

o004
0005
.0a0s
007

0008

.. 0009
0010

0g1l
¢o12

0012
. 0014
6015

6001
. 0002
0003
0004

0005

0006

. 0007

adoe
0009

0001
. 0002
“Hody
0004
0005
0006
QooT

.Qoos .

0009

0010

"!!l!l"iig::f:L::::::f:ano&eﬁ

SUBROUTINE SLPARY LARYN,ARY)
DIMENSTINN ARYI(1)

EQUIVALENCEID,N}
D=4RY{1)

o0 10 1=2,Y¢ T

10 ARY{IY=ARY([+1)

ARY(IC+1 ) =ARYN

-..END.

_ . DIMENSION Af1)

RETURN

SUBROUTINE ARYSTO{NyX,4)

X2 RINY e
RETURN °
END

NOUBLE PRECISION FUNETION XSFER (NFCN, T}
DOYBLE PRECTISION T

© ASFER = TOUODGD

BEXRF SRR R AR R RE RN RN SR EATFRA R R R R Gk Gh Ak AR ek kSRR RE
NFCN=1 [5 SECONDARY REGEMERATOR FUNCTION

TFINFCNL.NE.1) GO TO 10

[F(T.GT,0,527TN00) RETURN

LXSFER = {1.D00/0,5277D-020*DEXP{=T/0.52770-02)
RETURN

tttttt!*ttttt#tttttt‘tt*#ttttttt‘t*ttt#tttttttttt##tttttttttittttt

10 CONTINUE

AREHF R RRERERAR RS RS RN T LR R BRI AR AR RRE SRR RR NGRS I RS RSk N
NFCN=22 [S SECONDARY BYPASS VALVE FUNCTION

_JFINFCNLNEL2} GO Tor 20 .

IF{T.6T.0,289ID00) RETURN

XSFER = (1.D00/0428330-02)%DEXP(-T/0.28330-02)

RETURN
ttttt**tttt#ttttttt#tt*t‘tt#tt#tttttttttttttt#ttt#tttttttttttit**t

20 CONTINUE

 RETURN _
END

SURROUTINE DATOUT
_COMMON/FIXCON/ N

TTOIMENSTON NTLH

IF (NT2B).GE.SB.ORJNEZ29).EQ.0) CALL HEADNG

N{28) = N{28) + 4 R B _
‘WRITE (é&+ 100} N{1), NE(2Y, NI35), N(L1T}, N(3a), NLL15)y NU3TI,
1 N(30)

FORMAT (/1X, 10QH* * * ®/]1X, &HTIMEs 1PE13.5, 1X; 6HDT[HEU:

"TTIPELR.E, TIX, THUSGMING, 15+ 1HIe 1X, 1PE13.5, 1%, THOTMPCCT, 15,

2 1M1, 1. LPE13.5, 1K, THARLXCCU, 15, 1M}, L1X, 1PEL3.5 //)
“RETURN
END

SUBROUTINE MEADNG
COMMON/F IXCON/ N

COMMON/TITLES H
DIMENSTON N(1), H{20)
N(28) = 15

TNE29)Y = NI[29) e 0
_WRITE t&, 100} N(29), H

FORMAT {1Hl, 116Xs 4HPAGE, 2X, 17 / &X, L121HSYSTEMS IMPROVED NUMER

— 1ICAL DIFFERENCING ANALYZIER & SINUA ¥ 7 NORTH AMERTCAN ROCKWE’
2LL CORPORATION - SPACE DIVISION, 7/, SXs 2086771
_RETURN e . Lo
END
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000l

0oQ?

0003 .

0004
o005
0006
o000t
ooog
jeleli ]
o010
0011
0opt2
0ol13
0014
0015
adl16
00T
aots
0oL
0020
0021
0022
0023
Q024
onz2s
Q026
ap2t
ooza
0029
0030
a03l
0032
Q033
Q034
aoas
QG336
ooar
0a3n
0039
0040
00&1
0042
o043
0044
0045
0046
0047
GOoLE
0049
0050
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‘l Space Division
North American Rockwell

SUBROUTINE GRFIATVIL [SYM ACD X BODY MNP X, Yo XMAX s XMIN YMAX ¢ YMIN)

GRAF3V PLOTS 1.2, OR 3 GRIDS PER PAGE DN THE SC 4020

wnd NOTATION %%

L

[57M

8LDX
RCODY

NP

KMAX
XMIN
YMAX
¥YMIN

DIMEN
NI =
IFiNE
TFILL
XL =
XR =
[FLix
X =
iR =
oo 1o
Xt
XR
¥R
¥T
IFilY
¥Ye =
YT
a0
YR
¥T
TFiL
TF{L
NCX
NCY
LGO
oCx
ncy
INCRY

noaon

0

[ BT ]

CaLL

IX =
ty =
TFiLG

ND. OF GRAPHS PER FRAME{1,2,0R3).
CIF L 15 NEGATIVE - FRAME WItL BE AOVANCED AND NP POTNTS
WILL BE PLOTTED ON GRID NO,1

GRFOND10
GRFONQ20
GRFODO3DN
GRFOO040
GRFOGOSO
GRFOONSLD
GRFOOOTH
GRFOO0CRO
GREOOQS0

If L IS POSITIVE - NP POINTYS WILL BE PLOTYED ON GRTOD 2 OR 3IGRFOO100

IF L TS IERD -~ NP POINTS WILL BE PLUTTED NN PREVIOUS GRID
PLOTTING SYMBOL

ALPHA-NUMERIC CHARACTERS FOR THE X AXIS L Y AXIS.. THESE
ARRAYS ARE LIMITED TO 72 CHARACTERS FACH AND THF LAST

NUMBER OF POTNTS TO BE PLOTTED -
IF NP {5 NEGATIVF — THE POINTS WILL BE CONNECTED. THUS THE
VALUES OF X MUST BE IN ASCENDING ORDER

MAXTMUM & MINIMUM VALUES OF X £ ¥, IF ROTH MINIMIUM AND
MAXTMUM VALUES OF X ARE ZERO, THE ARRAY [S SEARCHED FOR
THE APPRMAPRIATE VALUES, THE SAME PROCEDURE 5 FOLLOWED
FOR MINTMUM & MAXTMUM Y

SION X{500},YI500) ,8COX{1BI ,ACAYL18)
1ABSINP)

.File Q) GD TO 40O
+EQ. D 3 G TD 30
XMIN
XMAX
L LNE. 0.0} OR. ¥R JNE. Q.01 0G0 TO 15
x{l)
xi1}

K = 14NZ

AMINLIIXEKY XL}

AMAX](X{K}XR)

YMIN

YMAX

T .NE. G.0) LOR, {YB .NE, 0.3)F GO TO 25
Yl

¥{l}

d = 14N2
AMINIIY(JL.+YB)
AMAXLIYL DY, YT)
LT O 3 LL = |

HGTo 0 ) LL =2
NSLANCIBOCDX+18)
NBL ANC{BCDY, 18)
1ABSIL)

10.0
19.0
= =l4&4

MARGNR (L, ICY]}
§24 ~ 48NCX

ICY +TeNCY

0 .FQ. 1) 1YL = ©

IF(LGO .EQ. 2} [I¥l = ICY - 253
TFILGD .FQ. 3) 1Yl = ICY - 169

caLL
CALL
CALL
CALL
CALL
caLL

DXDYVIL o XL o XR DX Mo 2 e MXDC X, TERD

DXDYVIZ2 YRy YT 0¥ 4My JoNYyDLY, [ER}
GRIDIVILLsXLoXR VB ¥ ToDX 2DY ¢ MMy Ty JoNX o NY)
PRINTVINCX,BCDX,TX,1Y1)

APRNTYI O, INCRYyNCYBCDY 0, 1Y)
APLOTVINZ 4 Ko ¥s1lals 1o ISYM,IER}

[F (NP .GT. 0} GO TQ 60

oo S0
NXA =
NYA =
IF(KK
CaLL

NXG =
NYD =

KK = 14Nl

NXVIXIKK) )

NYVIY(KK})

«LT. 2) GO TO 40
LINEVINXONY Oy NXA,NYA)
NX&

NYA

CONTINUE

RETUR
END

N
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GRFOO110
GPFON120
GRFOf130
GRFDO140
GRFOOLISH
GRFODI&D
GRFOQLTO
GRFOCLRO
GRFODLS0
GREODQZ200
GRFOD2L0
GRFEOO220
GREON230
GRFOG 240
GRFOOZ&0
GRFOOZED
GREOQZTO
GRFOD27TS
GRFODZA0
GRFAD29N
GRFEODZO0
GRENQZLC
GRFD320
GRFOO325
GRFOO32A
GREOOZ3O0
GRFOO3AD
GRFOOASD
GRFOD3AC
GRFON3TQ
GRFOQARD
GREADAAS
GRFO0O3RE
GRFOQ&DD
GRFOQ&41D
GRFOQ420
GRFOOG4LD
GRFO0450
GRFON 4D
GRF Q0470
GRFOQ&A0
GRFOO&49N
GRFAOSG0
GRFOOS 1D
GRFOOS 2?0
GRFOO5A0
GPFONS&0
GRFOOS50
GRFOOS60
GRFOASTO
BRFQONSAD
GRFOOSID
GREODARD
GREODALD
GRFONGZ0
GREOO&LD
GRFODLESN
GRFODAKOD
GRFOO&TO
GREFOOAAD
GRENQ&DD
GRFOOTOD
GRFDOTLD
GRFDOT2A
GRFOOTAO0
GRFOOT40
GRFOOTSR0



0001

0902
00Q3

0004
0005
0006
o007
o008
0009
0oc10
0811
0012

¢00]

0002
6003
0004
0005
0006
0007
0008
0009
o010
0011

‘ Space Division
North American Rockwell
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SUBROUT INE MARGNR{L1,ML3) MARGDO1 D
MARGAO2Z0

TUTNMARENR T SETS THE WARGINS FOR TeLOTTING 142 0OR 3 GRIDS PER FRAME MARGO030
MARGAQAD

LDIMENSION t (6,30, IN(3Y L MARGOOS0
DATA L 7249357,69002435289241650,357,264,524426424,1708,511,8444262,MARGCOGD

1 762451274 IN /5:3,0/ MARGOOTD
_IF¢ Ll .GE. 0} GO TO 10 “ARGNOGO
K=" =1 ST e MARGODO0

. N1 MARGO 100
10 IC = N + INIX} MARGO110
ML3 =" LTTCe31 CMARGO120
CALL SETMIVIZ24,0,L{TC RhsLUTC,20} MARGOD 20
NeN+1l ) ) MARGO140
TTRETURNTT T T YT e MARGO 150
END MARGO160
FUNCTTON NBLANC(WORD N} NALKOOL0
o . ek e o e L NALKOO20
"NALANC® DETERMINES ND. OF CHARACTERS TN A MOLLERITH LABEL NALKOO 30

1F THERE ARE ND CHARACTERS, NBLANC = O NBLK0D4D

NBLKOOSO

DIMENSTION WORD(18} NBLKNOTO
DATA BLANK /! ./ NBLKQORD
OO M = 1.N L e MBLK 0090
T =N-M ' NBLKO100
IF{(WORDI[)-8LANK) .NE. D.0) GO TO 20 NBLKO110

10 CONTINUE o NBLKO120
I =0 NBLKOL 20

20 NBLANC = 4#] MALKO 140
e RETURN e e e L NALKOL1S0
END NBLKO160



